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INTROm'CTION AND REVTKW OF THK T.ITRRATURE
C u n r i s  t h e  H in d i  name f o r  C yaroopals  t:p .t rn g o n o lo b a  (L) 
T a u b , Tl.v K ncl i.'ih n.irov n f  t h e  c ro p  i s  C lo s r .e r  b - 'sn ,
OvaisopBifl i s  th o u fih c  t o  h a v e  o r i R i n n t e d  i n  N o tc h  A f r i c a  
w h ere  ;u > v e ra l w i ld  s p e e iu p  u x i s t  (H y m o w itz , 1 9 7 2 ) .  The 
c r o p  was ta k e n  to I n d i a  and  P a k i s t a n ,  p r o b a b ly  a b o u t  
J  AO/l veariT where* « t ia r  h .is  t r a d i t i o n a l l y  b e e n  u s e d
.-cl ,1 l i v i 's t . i v k  f i - e d s t u f f  ( C e la n e s e  r e p o r t , 1984) . I t  
ii i  >*r<'wn in  A f r i c a  f u r  s i m i l a r  pvi’-p o s e s  b u t  on a 
‘• t s a l l u r  f .o ak * . O u r in g  th e  1 8 0 0 ’ r  i t  w as i n t r o d u c e d  
i n r . '  r h e  !i,>uthi*rn Uni f e d  S t a t e s  o f  A m e ric a  w h ere  to d a y  
a p p r . - x i c a t i - l y  .'0 0  ''flrt h e c t a r e s  a r e  u n d e r  c u l t i v a t i o n  
Kav,::cr. am i I.usvm .m n , 1 ''7 RI . C o m m erc ia l p l a n t i n g s  o f
. i r e  m r r e n t l v  n a ile  in  I n d i a ,  P a k i s t a n  a n d  th e  
" n i ' e J  i' I a  i  i“ i . p r i n c i p a l l y  f u r  r h e  p r o d u c t i o n  o f  t h e  
r e d  ''H w .i .v fita , I T . : ,  .
• ■ PLANT
'> :a r  ; ' i  a  s u c n e r  a n n u a l  Ifgum inouH  s h r u b  w h ic h  may be 
i":'. t iv a t  ei! i n  s e r a i - a r i d  r e g i o n s .  T he g u a r  p l a n t  v a r i e s  
i n  h e ig h t-  frn m  0 , ‘s to  im, d e p e n d in g  on th e  c u l t i v a r  
>’,rc.wn, t h e  f e r t i l i i v  u f  th e  no i 1 a n d  th e  c l i m a t i c  
o / n d i e i n n s .
ti’i a r  ha-; a  leny , r a p  r o o t  a n d  n o d u le s  a r e  f o u n d  on b o th  
ta p  r o o t  a n d  l a t e r a l  r o o t s . The s te m  i s  a n g u la r  r i b b e d  
a n d  h o llo w ,  The le a v e s  a r e  a l t e r n a t e ,  t r i f o l i a t e  w i th  
lo n g  p e t i o l e s . The H o v e r s  a r e  b o rn e  i n  d e n s e ,  e r e c t ,  
a x i l l a r y  r a c e m e s . T hey  a r e  s m a l l ,  t y p i c a l l y  
p a p i l i o n a c i e o u s , v a r y in g  in  c o l o u r  f ro m  p u r p le  to
w h ic e . G u ar i s  I n r g p l y  s e l f - p o l l i n a c e d .  E lo n g a te d
p o d s (50  t o  75mm) a p p e a r  a lo n g  th e  m a in  s te m  a n d  a re  
s c a t t e r e d  th r o u g h o u t  a l l  t h e  b r a n c h e s . The pods 
c o n t a i n  f ro m  4 to  9 g r e y i s h - b u f f  s e e d s . T he gum,
g a la c to m a n n a n , f o r  w h ic h  g u a r  i s  p r i z e d ,  i s  c o n ta in e d  
i n  th e  l a r g e  e n d o sp e rm  ( F ig ,  1 ) ,  w h e re  i t  s e r v e s  a s  a  
r e s e r v e  f o o d  s u p p ly  f o r  th e  s e e d l i n g  w hen th e  s e e d
g e r m i n a te s  (D u k e , 198 1 : C e la n e s e  r e p o r t ,  1 9 8 4 ) .  The 
g a la c to m a n n a n  p o ly s a c c h a r id e  o f  g u a r  gum i s  a  lo n g
c h a in ,  made up o f  m annoae a n d  g a l a c t o s e  s u g a r  
m o le c u l e s .
T he e n d o sp e rm  w e ig h s  35 to  40 p e r  c e n t  o f  t h e  s e e d ,  
w h i l s t  th e  em bryo a n d  c o ty l e d o n s  a c c o u n t  f o r  a  f u r t h e r  
45 t o  5 d p e r  c e n t  a n d  th e  t e s t a  a c c o u n ts  f o r  th e  
f t 'M 'n d f i r  'F i g ,  1 ) ,
1 . 1  G l i n a r i o  n - 'iu l re m n n c a
The g u a r  p l a n t  i s  d r o u g h t - r e s i s t a n t , The c ro p  grow s 
h e a r  i n  a r e a s  w i th  a minimum te m p e r a tu r e  o f  2 7 ’ C , H igh  
n i g h t  te m p e r a tu r e '- ,  o v e r  17"C a r c  n e c e s s a r y  t o  r i p e n
0  in r  r e q u i r e s  15 to  '.'n i n c h e s  o f  r a i n f a l l  d u r in g  th e  
g ro w in g  se .t.jiin  o f  th e  c r o n ,  ( '.a re  m u s t b e  ta k e n  n o t  to  
p r o v id e  e x c e s s  w a t e r ,  an t h i s  m a rk e d ly  i n c r e a s e s  th e  
. • i i c e p t ib i i  i i .y  o f  g u a r  t o  A l t e r n a r l n  l e a f  s p o t  and 
b a c t e r i a l  b l i g h t  (D u k e , 1 9 8 1 1 C e la n e s e  r e p o r t , 1 9 8 4 1
S .A . I n s t i t u t e  f o r  C ro p s  a n d  P a s t u r e s ,  1 9 7 5 ) .
1 . ?. S o i l  r e q u lr e m e n tr .
G uar l a  g row n b e " t  on f e r t i l e ,  m edium  to  l i g h t  s a n d y  
loam  n o i l s ,  w ith  a pH g ’- e .a te r  th a n  6 .0  and  a l s o  on  f r e e  
d r a i n i n g  w b a o t l n .
I t  i s  recom m ended t h a t  g u a r  s e e d  i s  i n o c u l a t e d  w ith  
R h lzo b lu m  in o c u i a n t  o f  th e  cow pea t y p e , g ro u p  E 
( C e la n e s e  r e p o r t ,  1 9 8 4 ) .
E n d o sp erm  c o n t a i n i n g  gum
"1 ( S .A . I n s t i t u t e  f o r  C ro p s  and
The c ro p  d o c s  r e q u i r e  h ig h  l e v e l s  o f  a v a i l a b l e  
p h o sp h o ro u s  I n  che  s o i l  (D uke , 1 9 8 1 s C e la n e s e  r e p o r t ,  
1984 ; S .A . f n s c i t u t e  f o r  C rop  a n d  Pa,9c u r e s ,  1 9 7 5 ) .
1 .3  I n d u s t r i a l  p o t e n c i a l
The v a l u a b l e  p h y s i c a l  p r o p e r t i e s  or’ g u a r  gum o n ly  
b eca tse  known a f t e r  Che F i r s t  W orld  W ar. P r e v i o u s l y ,  
C a rb -h e im  gum, a n im a l  : l u e  a n d  s t a r c h e s  w e re  th e  
p r i n c i p a l  p r o d u c t s  r e l i e d  u p o n  f o r  t h e  p u r p o s e s  f o r  
w h ic h  R uar c u n  i s  now u s e d  ( S .A . I n s t i t u t e  f o r  C rops 
and  P a s c u r e s ,  2 9 7 5 ) .
The cum , i n  t h e  fc rm  o f  a  m u c i l a g e ,  i s  i n c r e a s i n g l y  
be i n n  e m p lo y ed  f o r  r e c o v e r y  o f  u r a n iu m  fro m  s l u d g e s , i n  
d r i l l i n g  f o r  o i l ,  i n  t h e  p a p e r ,  t e x t i l e ,  
p h a r t s a c p u c i c a l , fo o d  a n d  o t h e r  i n d u s t r i e s  (D u k e , 1 9 8 1 1 
H v m o w itz , I S ? ! ! ) . A b y - p r o d u c t  r e s u l t i n g  a f t e r  re m o v a l
oi rht* cum l i i y e r ,  i s  ft v e r y  v a l u a b l e ,  h ig h  p r o t e i n  f e e d  
u tip p le m p n c , u s e d  f o r  a l l  ty p e s  o f  c a t t l e  f e e d in g  
•’p c -m c in n R .
Thi' t r n i t i -d  S t a t e s  h a s  a l i m i t e d  p r o d u c t i o n  a n d  m o st 
p r o c e s s o r s  n f  R u ar a r e  s t i l l  d e p e n d e n t  on I n d i a n  and  
P a k i s t a n  s u p p l i e s  f o r  t h e i r  r e q u i r e m e n t s . B e c a u se  o f  
t h e  s t e a d y  p r o g r e s s  i n  th e  l o c a l  p r o d u c t i o n  o f  u ra n iu m . 
S o u th  A f r i c a  mav becom e one o f  che  w o r l d 's  p r i n c i p a l  
u s e r s  o f  g u a r  gum. The g o v e rn m e n t o f  S o u th  A f r i c a  h a s  
d e c l a r e d  g u a r  gum a  s t r a t e g i c  m a t e r i a l  (C hem serve  
}"ri‘i * i h a l l ,  lyR fia i C e la n e s e  r e p o r t , 1984) .
1 .4  t!uar in  .South A f r i c a
f iu a r  was f  ir.-i c u a o d  in  S o u th  A f r i c a  i n  th e  la te ,  
f o r t i u s . A t che tim e  o f  che  o r i g i n a l  u ra n iu m  boom
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g u a r  r e p l a c e d  nrvlraal g lu e  i n  f i l t r a t i o n  m d  e x t r a c t i o n  
f ro m  s l u r r i e s . S o u th  A f r i c a  l e a d s  th e  w o rld  i n  g u a r  
T ec h n o lo g y  r e l a t e d  t o  m e t a l l u r g i c a l  a p p l i c a t i o n s  
(C h e m serv e  S c a i n h a l l ,  1 9 3 6 b ) .
C h e m se w e  S t e i n h a l l  i s  r e s p o n s i b l e  f o r  t h e  l o c a l  
p r o d u c t i o n  o f  g u a r  i n  S o u th  A f r i c a .  T he agronom y 
program m e i n c l u d e s  th e  n a t i o n a l  s t a t e s  o f  KaNgwane,
L e b o v a , G a z a n k u lu  a n d  V en d a ; a s  w e l l  a s  Che w h i te
f a r m in g  a r e a s  o f  t h e  L o w v e ld . S e v e n  h u n d r e d  g u a r
c u l t i v a r s  w ere  im p o r te d  a n d  t e s t e d  Co s e l e c t  f o r  
d r o u g h t  and  d i s e a s e  r e s i s t a n c e  t h r o u g h  e x t e n s i v e  f i e l d
A p a r t  fm m  d r o u g h t  r e s i s t a n c e  a n d  th e  a d v a n ta g e o u s  
n i c v i g e n - i i x i n ^  and  s o i l - c l e a n s i n g  c h a r a c t e r i s t i c s ,  th e  
g n a r  p l a n t  h a s  goo d  r u s i s t a n c e  t o  p e s t s  a n d  d i s e a s e s  
.m d p r o d u c t i o n  e o s c a  a r e  g e n e r a l l y  low  (C h e m serv e  
S t e i n h a l l ,  l a 8 b a ) ,
V ir h  chc. s m s l a C a r w  o f  t h e  KaNgwane M i n i s t r y  o f  
A g r i c u l t u r e ,  .'i d c m o n rn t ra tio n  fa rm  o f  im p ro v e d  p r a c t i c e s  
':n  b l a c k  f a n a c r a '  own la n d  w as e s t a b l i s h e d  n e a r  
M .i lv k u ti  v i l l a g e  ( E a n te r n  T r a n s v a a l ) .  T he com pany 
.in .ro n o m is t w o rk s  w in h  th e  f a r m in g  f a m i l i e s  th r o u g h o u t  
ch<; - io .ison  .iiid rhi- i 'a rm u r  r e c e i v e s  t h e  e n t i r e  c ro p  
a f t e r  i c  h a s  bvun  h a r v i ^ t i 'd  and  w e ig h e d . I n  t h e  f i r s t
c r i a l i :  i n  H 8 3 ,  ch i-rv  w vru  o n ly  £iva f a r m e r s  i n v o lv e d  
in  rh u  ,% ram, w h i lu r  i n  1986 o v e r  300 f a r m e rs  w ere
in v o lv e d  in  chi- r.chemi- (Ghomsu-rvu S t e i n h a l l ,  1 9 8 6 a ) .
1 . 5 D in^anr-n o f  ftunr
The a v a i la h l i*  l.il : t- ra tu r i>  i l t 'a r r ih c B  b a c t e r i a l  a n d  f u n g a l  
pufihogi-na o f  g u a r ,  b u t  v o r y  l i m i t e d  i n f o r m a t i o n  i s  
prf!!H>.ntt;il on v i r a l  d i a o a a e s  ( M ih a i l ,  198 2 ; D uke, 1981 ; 
Strew ?r.ii, 1 9 4 8 ) ,
/
V ;
1. S . 1 V i r a l  (lisi'.-inva  o f  R iutr t
! .  s . i . l i . e th n l  v i r u s  o f  R u n r ( C va m o o -la  p s » r a l o l d e s ) .
A tu H - ro t i i - , U 'r h a l  v i r u s  d i s e n a e  w as fo u n d  c a u s in g  an  
, 's r i r a t t 'U  75 p t- r  ci?nt: lo a a  i n  on e x p e r im e n ta l  f i e l d  o f  
,-n .tr  in  o k l.ih i 'm n  i n  10<i4 f C h e s c e r  e c  a l_ , , 1944) . 
:"'.-npr,-nn <-.im prlspd  v e in  c l e a r i n g ,  r o l l i n g ,  w i l c i n g ,  
, ' i r l v  e r i p p l v  n f v r n F i s  a n d  a h a c i a s i o n  o f  y o u n g  l e a v e s ;
n<‘v r < 's i s ,  n p c ro d U - s te m  l e s i o n s ,  y e l lo w in s  and  
. ,s i ,-n  i ' f  o l d e r  U -a v e s i  m n rk ed  s t u n t i n g  o f  g ro w th  
it’.-i ’i l t i n a r c  iliM th , T he  v i r u s  w as t r a n s m i s s i b l e  
h .m i .M l ly ,  tiv rn tom fi u v r u  m asked  in  h o t  w e a th e r ,  e . g .  
. .  ’ - -5 C, ( S t r t ’ r t f . , 194%) .
X - 's a ie  v in iR  - u n i d e n t i f i e d
:• rh V ; ili 'it-n s i-  a p p e a re d  i n  M ? .ricopa  C o u n ty  f i e l d s
' v  a n d  c .v ifipd  I i 'h s p s  <0 s e e d  y i e l d  v a r y in g
••  L'" r;ii p v r  v e n t  f S t r e e t i i ,  1^48) .
71 •• '.-'.-ivvi: iihnwpd a m o a a ic  m o t t l i n g  a s  w e l l  a s  a 
• i.-n  in  ! h«> f iiz p  n t l e a v e s  a n d  g ro w th  i n  g e n e r a l .
;? .r H t r i k i i u ’, nvmptom w as th e  a lm o s t  t o t a l
. .:-;.ri-s-i i.-n  - if  p o d s . The v i r u s  wna p o s s i b l y
i r - . i d  by  I 'n i t i 'n  n p h id  o r  m e lo n  a p h id  ( S t r e e t s ,  1948; 
- • 'i h . . i l .  V ,8 :-).
' . ‘i . ' , To l mc vo  r i i i i 'i iv i ’f v i n i a
!":r •;r nh'- .i-rvcil in  In  O k lahom a. The d ia aa m e  was
T .u n r i '. , !  a:: a new v 1 ru n  d i s e a s e  o f  g u a r  and  was l a t e r  
; v i • n Mtv name " lo p  n v e ro K ia "  (W e is s ,  1 9 4 5 1 C o o p e r , 
'V )> . The ‘lymprnmH . ir e  t o p  s te m  n e c r o s i s  and  l i g h t  
'.rnw n l e a f  li - s h in i i  wii"h d a rk  m a rg in s .
1 . 5 . 1 . 4  G uar sy m p c o m le ss v i r u s
S e e d s  fro m  I n d i a ,  P a k i s t a n ,  B e lg ia n  Congo a n d  Che 
U .S .A . c o n ta in e d  a  v i r u s  w h ic h  in d u c e d  c h a r a c t e r i s t i c  
r e d  l e s i o n s  on C henopodium  a i r a r a n t i c o l o r  (H a n se n  and  
L esem a n n , 1 9 7 8 ) .  S in c e  n a t u r a l l y  i n f e c t e d  and
in o c u l a t e d  R u a r  p l a n e s  r e m a in e d  s y m p to m le s s ,  t h e  c a u s a l  
a g e n t  w as nam ed " g u a r  sy m p to m le s s  v i r u s " .  T he v i r u s  
b e lo n g s  to  th e  p o t y v i r u s  g r o u p  a n d  w as f o u n d  co be 
t r a n s m i t t e d  th r o u g h  s e e d s  ( M ih a i l ,  1982) .
1 . 5 . 2  B a c t e r i a l  and  f u n g a l  d i s e a s e s  o f  g u a r
The p r i n c i p a l  b a c t e r i a l  a n d  f u n g a l  d i s e a s e s  o f  g u a r  a r e  
p r e s e n t e d  i n  T a b le  1 .
2.b Dlaeane o f  g u a r  i n  th e  E a s t e r n  T r a n s v a a l
R e c e n t ly ,  d i s e a s e  sym ptom ? a p p e a re d  on  g u a r  p l a n t s  i n  
f i e l d s  n e a r  W h ite  R iv e r  i n  t h e  E a s t e r n  T r a n s v a a l . 
T h e s e  p l a n t s  u s u a l l y  fo rm e d  a few  p o d s  a t  t h e  b a s e  o f  
th e  s te m . T h e r e a f t e r  f lo w e r  f o r m a t io n  to o k  p l a c e  
n o r m a l ly ,  b u t  th e  f lo w e r s  r a r e l y  p r o d u c e d  p o d s .  From 
300 s e e d s  s a m p le d , a lm o s t  h a l f  (1 4 0 )  w ere  d i s t o r t e d  (50 
p e r  c e n t  s t e r i l i t y )  ( F i g s . 5 a n d  6) . T h e s e  s t e r i l e
p l a n t s  r e m a in e d  g r e e n  lo n g  a f t e r  n o r m a l  p l a n t s  had 
r i p e n e d .  L e a f - s i z e  was a l s o  v e r y  much r e d u c e d  co m p ared  
t o  h e a l t h y  one  ( F ig .  4 ) . T h e s e  sym ptom s w ere  d e s c r ib e d  
by D r B. B eck  i p e r s . com m .) fro m  W h ite  R iv e r  a n d  named 
" G re e n  s t e r i l e "  ( F ig .  2) a n d  " L i t t l e  L e a f "  ( F ig .  3 ) ,  
r e s p e c t i v e l y .
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T a b le  1 : F u n g a l  a n d  b a c t e r i a l  d i s e a s e s  o f  g u a r  ( M i h a i l , 1982)
D e s c r i p t i o n C a u s a l  a g e n t
B a c t e r i a l O c c u rs  m id -A u g u s t w hen p l a n t s  
a r e  f l o w e r i n g .  S p r e a d  w i th  
m onsoon  i n  I n d i a  and  by  r a i n . 
L e a f  l e s i o n s : V -s h a p e d  w i th  
h y d a th o d e  i n f e c t i o n ,  d a rk  
c i r c u l a r  s p o t s  m oves fro m  
l e a f  t o  s te m , a c r o p e t a l  
d e f o l i a t i o n ,  l e a v e s  w i th  
y e l lo w  o o z e .  Seem : l i n e a r  
b r o w n /b la c k  s t r e a k s , i n t e r n a l  
d i s c o l o r a t i o n ,  w i l t .  No 
f r u i t / f l o w e r  sy m p to m s.
X anthom onas s o . 
X. c v a m o o s id is  
X. cvam oD haeus 
X. c a m o e s r r i s
L e a f - s p o t G ra m -w h ite  b a c t e r i a  w i th  a 
s i n g l e  p o l a r  f l a g e l l u m .
C a u se  l e s i o n s  l-5m m  d i a m e t e r , 
ro u n d ,  d a r k  b o r d e r , l i g h t
Pseudom onas
s v r i n s s e
P ow dery
M ildew
E n d o p h y t ic ; h o s t  s p e c i f i c  
C o n id ia  54 x 1 6 .2 .  O c c u rs  
b e tw e e n  A u g u s t a n d  O c to b e r .
O id io p i s
L e v e i l l u l a
t a u r i c a
A n th ra c n o s e C a u se s  b l a c k  s p o t s  on l e a f  
a n d  p e t i o l e s .  P r o d u c e s  
a c e r v u l i  w i th  s e t e  ( d a r k  
p u r p l e ) ; h y a l i n e  s i n g l e
C o l le o t o t r i c h u m
P r o d u c e s  y e l lo w /g r e e n  s p o t s  C o l le o t o t r i c h u r o
w ic h  d a rk  c e n t e r  on le a v e s  d em atium  f .
a n d  p o d s . S eed  b o r n e . t r u n e a t a
/
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D is e a s e C a u s a l  a g e n t
m u M y c e l i a l  mac a ro u n d  s te m  in  
sum m er, w i l t  a n d  r o o t  r o t .
S c le rc C iu m
A l t c r n a r i a  
leaf spot
C i r c u l a r  b row n s p o t s  3  t o  6 
d ia m eC er  on  l e a v e s .  B la c k  
f l e c k s  and  o v a l  s p o t s  on 
se em . S h r i v e l e d  lia r k e n e d  
seeds, 100 p e r  c e n t  
i n f e c t i o n .  S eed  b o r n e .
A l c e r n a r i a
tiu c u m e rin a
A l t e r n a r i a
c v am c D S id is
A l t e r n a r i a
te n u i s im a
StiiK  and  
R r o t  R o t
W acer so a k e d  l e s i o n s  n e a r
r o v r io ty lu m
P v th iu m
deb arv an u m
R o o t Roc C a u se s  r o o t  r o c ,  l e a f  and  
s te m  b l i g h t .
F u s a r iu m
c a e ru le u m
3 r . . k B la c k  s t r e a k  on s te m , no 
f l o w e r in g  o r  pod s e t .
F u s a r iu m
m o n i l i f o r m i
Y e l lo w in g ,  w i l t i n g ,  R o o ts  
w i th  b l a c k  l e s i o n s  a t  s o i l  
l i n e  w i th  i n t e r n a l  brown 
d i s c o l o r a t i o n .
F u s a r iu m  s o l a n i
R oo t R ot D ark  c o a l e s c i n g  l e s i o n s  on 
th e  r o o t s .  D e a th  o f  p l a n t s .
R h i z o c to n ia  s p .
Rooc Roc R o o t - r o t ,  w i l c i n g  and  d e a c h  P h v m a to tric h u m  
o f  p l a n e  i n  l a t e  sum m er. oronivorum
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F i g u r e  2 : I n f e c t e d  g u a r  v a r .  2DPS e x h i b i t i n g  g r e e n  
s t e r i l i t y  sym ptom s i n  t h e  f i e l d .  E lo n g a te d  
g r e e n  s te m  (EG) a n d  few  i t i f l u o r e s c e n c e s
( a rro w )
I
r6"
F i g u r e  3 : I n f e c t e d  g u a r  v a r . ZDPS e x h i b i t i n g  " L i t t l e  
l e a f "  (LL) sym ptom s
F i g u r e  4 1 H e a l th y  g u a r  v a r . ZDPS e x h i b i t i n g  n o r m a l -  
s i z e d  le a v e s  ( a r ro w s )
F i g u r e  5 :  I n f e c t e d  p o d  o f  g u a r  s h o w in g  tw o h e a l t h y  (H) 
a n d  two i n f e c t e d  ( I )  s e e d s
F i g u r e  6 ; I n f e c t e d  ( I )  s e e d s  o f  g u a r  i n  c o m p a r iso n  to  
h e a l t h y  (H) seeds
4 ■!
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2 . PIGEONPEA IN SOUTH AFRICA
D u rin g  a c o l l e c c i o n  t o u r  by  ICRISAT ( I n d i a )  s t a f f  in  
S o u th  A f r i c a ,  p ig e o n p e a  s a m p le s  w e re  g a t h e r e d ,  
r ig e o n p e a  w as fo u n d  t o  b e  o f  r a r e  o c c u r r e n c e .  The 
s o u th e r n  m o s t d i s t r i b u t i o n  o f  p ig e o n p e a  on  th e  A f r i c a n  
c o n t i n e n t  i s  i n  l o c a t i o n s  m a in ly  i n  t h e  lo w e r  a l t i t u d e  
a r e a s  o f  E a s t  a n d  N o r t h - e a s t  T r a n s v a a l  a n d  N a t a l .  
C o l l e c t e d  sa m p le s  w ere  f o u n d  g ro w in g  a s  an  e s c a p e  a lo n g  
th e  r o a d  and  o t h e r  s a m p le s  w e re  o b t a i n e d  f ro m  h e d g e s  o r  
s i n g l e  p l a n t s  i i .  f a rm  p l o t s  n e a r  h o u s e s  (V an d e r  
M a ese n , 1 9 8 0 ) .
P ig e o n p e a  ( C a la n u s  c a j a n i  ( L . )  M i l l s p . )  p l a n t s  show ing  
sym ptom s o f  m o s a ic  a n d  s t e r i l i t y  ( F i g s . 7 a n d  8 ) ,  w ere  
b r o u g h t  fro m  th e  E a s t e r n  T r a n s v a a l  b y  D r B B e c k . The 
p ig o n p e a  p l a n t s  w ere  fo u n d  g ro w in g  i n  t h e  e d g e s  o f  g u a r  
f i e l d  n e a r  W h ite  R iv e r  a n d  show ed  s im lL a r  s t e r i l i t y  
sym ptom s t o  t h e  g u a r  p l a n t s ,  b u t  m ore  s e v e r e . From  78 
s e e d s  s a m p le d , 72 s e e d s  w e re  d i s t o r t e d  (9 2  p e r  c e n t  
s t e r i l i t y )  ( F ig .  9) .
2 .1  S t e r i l i t y  m o sa ic  i n  p ig e o n p e a
S t e r i l i t y  m o sa ic  i s  o n e  o f  th e  m a jo r  d i s e a s e  p ro b le m s  
o f  p ig e o n p e a  i n - t h e  I n d i a n  s u b c o n t i n e n t .  The in c id e n c e  
o f  t h e  d i s e a s e  seem s t o  b e  on th e  i n c r e a s e  a n d  n e e d s  
im m e d ia te  r e m e d ia l  m e a s u r e s  (K a n n a iy a n  e t  a l . , 1 9 8 1 ) .  
T he d i s e a s e  h a s  so  f a r  b e e n  r e p o r t e d  o n ly  f ro m  Burm a, 
I n d i a  a n d  T h a i l a n d .  T y p ic a l  sym ptom s a r e  m i ld  m o s a ic ,  
a c c o m p a n ie d  b y  l i t t l e  o r  no  f l o w e r in g  a t  a l l .
S t e r i l i t y  m o s a ic  i s  s u s p e c t e d  t o  b e  c a u s e d  by  a  v i r u s  
a n d  s p r e a d  by  t h e  e r i o p h i d  m i t e  A c e r ia  
c a j a n i  C h a n n a la sa v a n n a  (N e n e , 1 9 7 2 ) . T he d i s e a s e
s p r e a d s  th r o u g h  I n f e c t i v e  m i t e s  d i s s e m in a te d  by w in d . 
A f t e r  p u r i f i c a t i o n ,  lo n g ,  t h i n ,  f l e x u o u s , r o d - s h a p e d ,  
v i r u s - l i k e  p a r t i c l e s  w ere  o b s e r v e d ,  a lw a y s  i n  v e r y  low  
n u m b e rs . Sap  t r a n s m i s s i o n  o f  t h e  c a u s a l  a g e n t  was 
u n s u c c e s s f u l  (R eddy  a n d  N en e , 1 9 8 1 ) .
D e v e lo p m e n t o f  r e s i s t a n t  c u l t i v a t e  a p p e a r s  tci b e  th e  
roost e f f e c t i v e  m e th o d  o f  c o n t r o l . To m e e t t h i s  
o b j e c t i v e ,  a  l a r g e - s c a l e  f i e l d  s c r e e n i n g  p ro g ra m  was 
u n d e r ta k e n  i n  1975 a t  t h e  I n t e r n a t i o n a l  C ro p s  R e s e a r c h  
I n s t i t u t e  f o r  t h e  S e m i-A r id  T r o p ic s  (IC RISA T C e n tr e )  
and  s e v e r a l  r e s i s t a n t  l i n e s  h a v e  b e e n  i d e n t i f i e d  (N ene 
a n d  R e d d y , 1 9 7 6 i N ene e t  a l ^  , 1 9 8 1 ) ,
3 .  VIRUS DISEASES OF BEANS
Bean common m o s a ic  v i r u s  (BCMV), B ean  y e l lo w  m o sa ic  
v i r u s  (BYMV), S o u th e r n  bd an  m o s a ic  v i r u s  (SBMV) and  
S oy b e a n  m o sa ic  v i r u s  (SMV) r e p r e s e n t  some o f  t h e  m ost 
im p o r t a n t  p a th o g e n s  t h a t  i n f e c t  b e a n s  w o rld w id e  ( T a b le
S c h w a r tz  a n d  G a lv e z  (1 9 8 0 )  h a v e  show n t h a t  l a r g e  y i e l d  
l o s s e s  c an  o c c u r  i n  b e a n s  a f f e c t e d  b y  v i r u s e s  su c h  a s  
BCMV a n d  BYMV,
V ir u s e s  o f  b e a n s  h a v e  th e  p o t e n t i a l  f o r  r a p i d  s p r e a d  
and  h a v e  e s t a b l i s h e d  th e m s e lv e s  w o rld w id e  d u e  to  t h e i r  
v a r i a b l e  m odes o f  t r a n s m i s s i o n ,  e . g .  m e c h a n ic a l  
t r a n s m is s io n ,  t r a n s m is s io n  by  v e c t o r s  su c h  a s  a p h id s ,  
w h i t e f l y ,  b e e t l e s  a n d  l e a f h o p p e r s  o r  t h r o u g h  s e e d s .
C h e m ic a l c o n t r o l  s t r a t e g i e s  a im ed  a t  v e c t o r s ,  s e e d  
c e r t i f i c a t i o n  schem es and  b r e e d in g  f o r  r e s i s t a n c e  c an  
e f f e c t i v e l y  c o n t r o l  b e a n  v i r u s e s  ( N e e r g a a r d ,  1979) .
/
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F i g u r e  7 : P ig e o n p e a  e x h i b i t i n g  s t s r i l e  s te m  (S ) w i th  
a lm o s t  no  p o d s
F i g u r e  8 s P ig e o n p e a  le a v e s  e x h i b i t i n g  m o sa ic  (M) 







b . TECHNIQUES USED FOR VIRUS IDENTIFICATION AND 
CHARACTERISATION
T h e r e  a r e  s e v e r a l  b a s i c  p r o c e d u r e s  Co f o l lo w  w hen  an 
unknow n v i r u s  d i s e a s e  i s  b e in g  i n v e s t i g a t e d  (H a m il to n  
e t  a l .  , 1 9 8 1 ) .  I n  t h e  i n i t i a l  d i a g n o s t i c  p h a s e  one
d e te r m in e s  t o  w h ic h  g r o u p  t h e  v i r u s  b e l o n g s .  I f  t h e  
v i r u s  u n d e r  i n v e s t i g a t i o n  i s  n o t  e a s i l y  a s s i g n e d  to  any  
know n t a x o n ,  th e  d i a g n o s t i c  p h a s e  p a s s e s  i n t o  t h e  f u l l  
d e s c r i p t i v e  p h a s e  i n  w h ic h  e v e r y  p r o p e r t y  p o s s i b l e  i s  
i n v e s t i g a t e d .
T he in f o r m a t i o n  s o u g h t  d u r in g  b o th  t h e  d i a g n o s t i c  and  
d e s c r i p t i v e  p h a s e s  h a s  b e e n  d i v i d e d  i n t o  tw o s e c t i o n s : 
f i r s t l y ,  w h a t c a n  b e  l e a r n e d  f ro m  c ru d e  v i r u s  
p r e p a r a t i o n s  a n d ,  s e c o n d ly ,  fro m  p u r i f i e d  v i r u s  
p r e p a r a t i o n s .
U s in g  c r u d e  v i r u s  p r e p a r a t i o n s  t h e  f o l l o w i n g  p r o p e r t i e s  
o f  t h e  v i r u s  may b e  e l u c i d a t e d :
(a) r e p r o d u c t io n  o f  th e  d i s e a s e , u s in g  th e  i s o l a t e d
(b ) h o s t  r a n g e  s t u d i e s  a n d  sym ptom e x p r e s s io n ;
(c ) mode o f  t r a n s m i s s i o n ;
e l e c t r o n  m ic r o s c o p y ,  s t r u c t u r e
( e ) b i o l o g i c a l  p r o p e r t i e s ;
( f ) r e c t i o n s  w i th  l i k e l y  a n t i s e r a .
U s in g  p u r i f i e d  p r e p a r a t i o n s  t h e  f o l l o w in g  p r o p e r t i e s  o f  
t h e  v i r u s  may b e  e l u c i d a t e d :
( a )  f i n e  s t r u c t u r e  o f  t h e  p a r t i c l e s  i n  th e  e l e c t r o n  
m ic r o s c o p e ;
(b )  s e r o l o g y ;
( c )  s e d im e n ta t i o n  p r o p e r t i e s ;
(d ) a n a l y s i s  o f  th e  n u c l e i c  a c i d  and  th e  c o a t  p r o t e i n .
(H a m il to n  e t .  a l .  , 1 9 8 1 ; B ock , 1982)
By u s in g  t h e s e  p r o c e d u r e s , i t  c a n  b e  d e te r m in e d  i f  th e  
v i r u s  c o n c e rn e d  i s  a "new " v i r u s  o r  i s  i d e n t i c a l  w i th  
any  known v i r u s .
4 . 1 H o s t - r a n g e  and  sym ptom s
M ost v i r u s e s  t h a t  h a v e  b e e n  s t u d i e d  c a r e f u l l y  a r e  fo u n d  
to  i n f e c t  a t  l e a s t  30 d i f f e r e n t  p l a n t  s p e c i e s .  I t  i s  
n o t  known w h a t d e t e r m in e s  t h e  h o s t  r a n g e  o f  a  v i r u s .
The h o s t  r a n g e  o f  a  v i r u s  a n d  d e t a i l s  o f  t h e  sym ptom s 
i t  c a u s e s  a r e  s p e c i f i c  c h a r a c t e r i s t i c s  o f  t h e  v i r u s  and  
th e s e  c h a r a c t e r i s t i c s  a r e  o f t e n  u s e d ,  t o g e t h e r  w i th  
o t h e r s ,  t o  i d e n t i f y  th e  v i r u s  (G ib b s  a n d  H a r r i s o n ,  
1 9 7 6 ) . H ow ever, a c c o r d in g  to  H a m il to n ,  e t  a ly  ( 1 9 8 1 ) ,  
t h i s  i s  g e n e r a l l y  n o t  a v e r y  p r e c i s e  o r  r e l i a b l e  g u id e  
to  v i r u s  i d e n t i f i c a t i o n .
P r e l im i n a r y  h o s t  r a n g e  s t u d i e s  a r e  u s e f u l  in  
d i s c o v e r i n g  c o n v e n ie n t  l a b o r a t o r y  h o s t s  f o r  s u b s e q u e n t  
v i r u s  m u l t i p l i c a t i o n ,  p u r i f i c a t i o n  a n d  i n f e c t t v i t y  
t e s t s  ( H a m il to n , e_t a l . , 1 9 8 1 ) .
M ost o f  t h e  b e a n  v i r u s e s  ( T a b le  2) ; i r c  t r a n s m i t t e d  by  
i n o c u l a t i o n  o f  sa p  to  m em bers o f  t h e  le g u m in o sa e  
p r i m a r i l y  P h a s e o lu s  v u l g a r i s  s p e c i e s ,  a s  w e l l  as 
m em bers o f  t h e  g e n e r a  C henopodium  a n d  N i c o t i a n a . The 
p o t y v i r u s  g r o u p , w h ic h  i s  th e  l a r g e s t  g r o u p  among p l a n t  
v i r u s e s ,  i s  t r a n s m i s s i b l e  b y  i n o c u l a t i o n  o f  s a p  t o  many 
le g u m in o u s  s p e c i e s .
H o s t s p e c i f i c i t y  i s  e x t r e m e ly  im p o r t a n t  i n  i n f e c t i o n  
and  if i t s  m o le c u l a r  b a s i s  w as u n d e r s t o o d ,  h o s t  
s p e c i f i c i t y  c o u ld  b e  o f  g r e a t  im p o r ta n c e  i n  t h e  c o n t r o l  
o f  p l a n t  d i s e a s e  (d e  Zoefcen, 1 9 8 1 ) . A ta b ek o v  (1975 )
ih a s  d e s c r ib e d  Che p r e s e n t  s ta C u s  o f  r e s e a r c h  i n  th e  
a r e a  o f  h o s t  s p e c i f i c i t y  o f  p l a n t  v i r u s e s .
Many s t r a i n s  o f  a  v i r u s  may h a v e  a  v e r y  s i m i l a r  h o s t  
r a n g e ,  w h i l e  o t h e r s  may d i f f e r  c o n s i d e r a b l y .  F o r  
e x a m p le , many s t r a i n s  o f  TMV i n f e c t  a  w id e  r a n g e  o f  
h o s t s  i n  th e  S o la n a c e a e  and  o t h e r  f a m i l i e s  (M a tth e w s ,
C h a n g es  e n s u in g  fro m  v i r a l  i n f e c t i o n ,  h o w ev e r  m in o r ,  
may h a v e  a b e a r in g  on  th e  p h y s io l o g y  a n d / o r  m o rp h o lo g y  
o f  t h e  h o s t ,  l e a d in g  t o  a  v a r i e t y  o f  a b n o r m a l i t i e s , th e  
m o s t r e a d i l y  p e r c e p t i b l e  o f  w h ic h  a r e  " sy m p to m s " , i . e .  
Che o u tw a rd  v i s i b l e  e x p r e s s io n  o f  t h e  d i s e a s e  (G io v a n n i  
a n d  M a r c e l lo ,  1 9 8 5 ) .
As a r u l e  i t  i s  i n  t h e  f o l i a g e  o f  a p l a n t  t h a t  t h e  m o st 
n o t i c e a b l e  sym ptom s d e v e lo p  a n d  t h e  e f f e c t s  o f  
d i f f e r e n t  v i r u s e s  on  t h e  l e a v e s  ta k e  many f o rm s : 
m o s a ic  d i s e a s e s , r i n g s p o t s ,  c l e a r i n g  o f  v e i n s , l e a f  
r o l l i n g ,  d i s t o r t i o n  a n d  m a l f o r m a t io n  ( S m i th ,  1 9 7 7 ) ,  I n  
a d d i t i o n ,  o t h e r  sym ptom s su c h  a s  n e c r o s i s ,  g ro w th  
r e d u c t i o n ,  d e c r e a s e d  o r  h a l t i n g  o f  f l o w e r in g  a n d  s e e d  
p r o d u c t i o n  a n d  tu m o u rs  on th e  r o o t s  may o c c u r  ( B o s ,
1 9 7 8 ) .
V ir u s  i n f e c t i o n s  a r e  i n f l u e n c e d  by  s e v e r a l  i n t e r a c t i n g  
v a r i a b l e s ,  th e  m a j o r i t y  o f  w h ic h  a r e  th e  v i r u s  genom e, 
th e  h o s t  genome a n d  th e  e n v iro n m e n t ( G io v a n n i and 
M a r c e l lo ,  1 9 8 5 ) , S om etim es many d i f f e r e n t  s t r a i n s  o f  a 
v i r u s  o c c u r  a n d  t h e s e  may c a u s e  q u i t e  d i f f e r e n t  k in d s  
o f  d i s e a s e  i n  t h e  same h o s t  p l a n t  u n d e r  t h e  same 
c o n d i t i o n s .  P l a n t  f a c t o r s ,  s u c h  a s  a g e  a n d  g e n o ty p e ,  
o r  e n v i ro n m e n ta l  f a c t o r s  ( e . g .  l i g h t ,  t e m p e r a tu r e ,  
w a t e r  s u p p ly ,  h u m id i ty ,  n u t r i t i o n ,  tim e  o f  d a y  o r  tim e  
o f  y e a r )  may a l s o  a f f e c t  sym ptom  d e v e lo p m e n t (M a tth e w s ,
4 .2 T r a n s m is s io n  s tu d l c f l
4 , ^ . 1  H e c h a n tc n l  C ra n s m la s lo n
M e c h a n ic a l  I n o c u l a t i o n  p r o d u c e s  e m a il  te m p o r a r y  w ounds 
i n  t h e  p l a n t  th r o u g h  w h ic h  v i r u s  p a r t i c l e s  c an  e n t e r  
and  i n f e c t  t h e  c e l l s .  G e n t le  a b r a s i v e  p o w d e r s , su c h  a s  
c a rb o ru n d u m  o r  c e l i t e , a r e  o f t e n  u s e d  t o  i n c r e a s e  th e  
n um ber o f  i n f e c t i o n s  p r o d u c e d  ( S te p h e n ,  1 9 8 4 ) , The 
v i r u s e s  t h a t  an*  m o s t r e a d i l y  t r a n s m i t t e d  by  m e c h a n ic a l  
i n o c u l a t i o n  a r e  c h o se  c h a c  r e a c h  th e  l a r g e s t  
c o n c e n t r a t i o n s  i n  p l a n t s  a n d  c an  i n f e c t  t h e  e p id e r m is  
a s  w e l l  a s  o t h e r  t i s s u e s  ( M a tth e w s , 1 9 7 0 : G ib b s  and  
H a r r i s o n , 1 9 7 6 ) . The s u c c e s s  o f  m e c h a n ic a l  i n o c u l a t i o n  
d e p e n d s  on n u m e ro u s  f a c t o r s , i n c l u d i n g  v i r u s  p u r i t y  and  
s t a b i l i t y ,  pH a n d  i o n i c  s t r e n g t h  o f  in o c u lu m , c y p e , age  
and  p h y s i o l o g i c a l  c o n d i t i o n  o f  th e  h o s t  a n d  a l s o  
^ n v ir i 'n m i-n t . i l  c o n d i t i o n s  b e f o r e  o r  a f t e r  i n o c u l a t i o n .  
S uch  e n v i r o n m e n ta l  c o n d i t i o n s  may i n c lu d e  k e e p in g  
p l a n t s  in  t h e  d a r k  o r  i n  worm a i r  b e f o r e  i n o c u l a t i o n  
.S t e v e n s ,  1983; K ado , 1972) .
4.2.2 T m n s m ls a l a r i  bv a p h id s
A p h id s  c o n s t i t u t e  th e  l a r g e s t  g ro u p  o f  known p l a n t  
v i r u s  v e c t o r s , V i r u s e s  t r a n s m i t t e d  by  a p h id s  can  
u s e f u l l y  b e  s e p a r a t e d  i n t o  g r o u p s , d i f f e r i n g  in  th e  
l e n g th  o f  tim e  th e  v i r u s e s  p p r a i .s e  I n  t h e  a p h id s  (T a b le
T a b le  3 : C o m p ariso n  beew een  n o n - n e r a i s c e n t  and
p e r s i s t e n t :  v i r u s e s  (G ib b s  and  H a r r i s o n ,  1976)
TM". N o n - P e r s i s t e n tv i r u s e s
f S tv l e c - b o r n e )
P e r s i s t e n t  v i r u s e s  
( c i r c u l a t i v e )
P e r s i s t e n c e P e r s i s t i n g  f o r  a few  
h o u r s  ( u s u a l l y  l e s s  
th a n  f o u r )
P e r s i s t i n g  f o r  m ore 
th a n  100 h o u r s , i n  
so n e  i n s t a n c e s  f o r  
th e  l i f e  o f  th e
A c q u i s i t i o n
i n o c u l a t i o n
f e e d in g
S e c o n d s
p e r io d
Hone 12 h o u r s  o r  m ore
L o c a t io n  o f  
v i r u s  i n  rh e
V ir u s e s  c a r r i e d  on 
th e  ncylecs o f  th e
V i r u s e s  w h ic h  p a s s  
th r o u g h  th e  g u t  
w a l l  i n t o  th e  
haeraolyroph o f  t h e  
v e c t o r  a n d  b a c k  t o  
s a l i v a r y  g la n d s  
b e f o r e  t h e  i n s e c t  
becom es i n f e c t i v e .
L o c a t io n  o f  The v i r u s  i s  a c q u i r e d  The v i r u s  i s  
v i r u s  i n  th e  from  and  in o c u l a t e d  c o n c e n t r a t e d  i n  th e  
p l a n t  t o  c u l l s  o f  ph lo em  o f  th e
4-
Term s N o n - P e r s i s t e n t
v i r u s e s
( S t v l e t - b o r n e )
P e r s i s t e n t  v i r u s e s  
( c i r c u l a t i v e )
T r a n s m is s io t i  M e c h a n ic a l ly  
t r a n s m i s s i b l e .
N o t m e c h a n ic a l ly  
t r a n s m i s s i b l e .
Symptoms M o sa ic  sym p tom s. L e a f - r o l l i n g  and  
y e l lo w in g  sym p tom s.
S p e c i f i c i t y S p e c i f i c i t y  b e tw e e n  
th e  v i r u s  a n d  s p e c i e s  
o f  v e c t o r  i s  n o t  
d e v e lo p e d .  U s u a l ly  
o n e  v i r u s  i s  
t r a n s m i t t e d  by 
s e v e r a l  o r  many a p h id  
s p e c i e s .
T r a n s m i t t e d  by  o n ly  
o n e  o r  a  few  a p h id
t r a n s m is s io n
M ost v i r u s e s  seem  n o t  t o  b e  t r a n s m i t t e d  th r o u g h  t r u e  
n e e d  o r  p o l l e n ,  b u t  a t  l e a s t  t h i r t y  a r e  t r a n s m i t t e d  i n  
t h i s  w ay , W ith  m o s t v i r u s / h o s e  c o m b ia a d io n s  th e  
p r o p o r t i o n  o f  s e e d l i n g s  i n f e c t e d  th r o u g h  th e  s e e d  i s  
u s u a l l y  s m a l l ,  b u t  i n  some i n s t a n c e s ,  e . g .  BCMV, up  to  
83 p e r  c e n t  o f  t h e  s e e d s  o f  d i s e a s e d  p l a n t s  may be 
i n f e c t e d  ( R e d d ic k  and  S t e w a r t ,  1 9 1 9 ) .
Many f a c t o r s  a f f e c t  s e e d  t r a n s m is s io n  ( S h e p h e r d , 1 9 7 2 ) :
fza) E n v ir o n m e n ta l  f a c t o r s  -  T e m p e ra tu re  i s  t h e  m o st 
im p o r ta n t  e n v i ro n m e n ta l  f a c t o r  i n f lu e n c in g  




( b )  H o s t and  v i r u s  g e n o ty p e ,
( c )  I n f e c t i o n  t im in g  -  f o r  s e e d  t r a n s m i s s i o n  t o  o c c u r ,  
p l a n t s  reuse i n  g e n e r a l  be i n f e c t e d  b e f o r e  th e  
o v u le s  a r e  f e r t i l i s e d .
V ir u s e s  c an  in v a d e  th e  s e e d  em bryo  ( e . g .  P ru n u s
n e c r o t i c  r i n g s p o t  v i r u s )  o r  a r e  f o u n d  i n  a n d  on th e  
t e s t a  ( e . g .  TMV). N o t a l l  v i r u s e s  c a u s e  sym ptom s in  
th e  p l a n t s  th e y  i n f e c t  t h r o u g h  th e  s e e d  (B o s , 1977) . 
The r e a s o n  f o r  Che f a i l u r e  o f  m o s t p l a n t  v i r u s e s  t o  be 
t r a n s m i t t e d  th r o u g h  s e e d  i s  t h e i r  i n a b i l i t y  t o
r e p l i c a t e  a n d  t h e i r  d e g r a d a t i o n  i n  m e r i s t e m a t i c  t i s s u e .
T hey  a l s o  a p p e a r  n o t  t o  b e  a b l e  t o  e n t e r  t h e  s e e d  i f  
t h e y  a r e  r e s t r i c t e d  t o  t h e  p h lo e m  (G ib b s  a n d  H a r r i s o n ,  
1 9 7 6 ) .
h . 3 P u r i f i c a t i o n  p r o c e d u r e s
P u r i f i c a t i o n  i s  o f t e n  th e  m a jo r  s tu m b l in g  b lo c k  in  
v i r u s  c h a r a c t e r i s a t i o n .  P u r i f i e d  p r e p a r a t i o n s  a r e  u se d  
f o r  c h a r a c t e r i s a t i o n  by  e l e c t r o n  m ic r o s c o p y ,  s e r o l o g y ,  
i l e r v r m n a t i o n  o f  t h e  p h y s ic o c h e m ic a l  p r o p e r t i e s  o f  th e  
v i r u s , i t s  p r o t e i n  a n d  n u c l e i c  a c i d  c o m p o n en ts  and  f o r  
Che p r o d u c t i o n  o f  h ig h  q u a l i t y  n n t i s e r a  (H a m il to n , 
1 9 8 1 ) . T h e re  a r e  n s  many p u r i f i c a t i o n  p r o c e d u r e s  a s
t h e r e  a r e  v i r u s e s  w h ic h  h a v e  b e e n  p u r i f i e d  ( F r a n k i ,  
1 9 7 2 ) .  V a r io u s  m e th o d s  u s e d  f o r  p u r i f y i n g  p l a n t  
v i r u s e s  h a v e  b e e n  d e s c r ib e d  ( S t e e r e ,  1 9 5 9 i B r a k k e , 1967 
• i,b  i A ck e rs  a n d  S t e e r ,  1967 s V enekam p, 1 9 7 2 , S chum aker 
and  R e e s , 1972 ; N oordam , 1 9 7 3 ) . The o b j e c t  o f  p u r i f i ­
c a t i o n  i s  to  p ro d u c e  a  p r e p n r a t i o u  c o n t a i n i n g  o n ly  
i n f e c t i v e  v i r u s  p a r t i c l e s ,  b u t  t h i s  i s  r a r e l y  a c h ie v e d  
( ( i ib b s  and  H a r r i s o n ,  1 9 7 6 ) , I t  i s  im p o r ta n t  t o  c h o o se  
a h o s t  p l a n t  i n  w h ic h  th e  v i r u s  r e a c h e s  a h ig h  
c o n c e n t r a t i o n  (S m i th , 1 9 7 7 ) .
/
■i-
The m ain  s e e p s  i n  Che p u r i f i c a t i o n  o f  a  p l a n t  v i r u s
( a )  E x t r a c t i o n  o f  t h e  s a p : i n f e c t e d  t i s s u e  i s  u s u a l l y  
h o m o g e n ise d  i n  a b l e n d e r  i n  th e  p r e s e n c e  o f  a 
s u i t a b l e  b u f f e r .  B u f f e r s  t h a t  a r e  com m only u s e d  
a r e  p h o s p h a te ,  c i t r a t e ,  b o r a t e  a n d  EDTA.
I n  o r d e r  to  p r e s e r v e  p a r t i c l e  i n t e g r i t y  and  
i n f e c t i v i t y ,  a g e n t s  su c h  a s  so d iu m  s u l f i t e ,  
m e r c a p t o e th a n o l ,  a s c o r b i c  a c i d  a n d  p o ly p h e n o l -  
o x id a s e  i n h i b i t o r s  a r e  a d d e d  (V an R e g e n m o r te l ,
(b> C l a r i f i c a t i o n  o f  c ru d e  s a p  Co rem ove  h o s t  p l a n t  
m a t e r i a l  s u c h  a s  t r e a t m e n t  w i th  c h lo r o f o r m ,  
d i v t h y e t h e r ,  c a r b o n  t e t r a c h l o r i d e ,  n - b u ta n o l  o r  
e t h a n o l .
( c )  C o n c e n t r a t i o n  o f  t h e  v i r u s  u s u a l l y  p e r f o rm e d  by  
u l t r a c e n t r i f u g a t i o n  o r  p r e c i p i t a t i o n  w i th  
p o ly e th y le n e  g l y c o l  o r  s a l t s .
6 .4  P r e s e r v a t i o n  o f  v i r u s  m a t e r i a l
O nce a  v i r u s  h a s  b e e n  p r o p a g a te d  a n d  p u r i f i e d ,  i t  i s  
im p o r ta n t  t o  s t o r e  i t  u n d e r  c o n d i t i o n s  i n  w h ic h  i t s  
i n f e c t i v i t y  a n d  a n t i g e n i c  p r o p e r t i e s  r e m a in  u n a l t e r e d  
(Van R e g e n m o rc e l, 1 9 8 2 ) .  The m e th o d s  t h a t  w e re  fo u n d  
m o st s u c c e s s f u l  a r e  b a s e d  on d e s i c c a t i o n ,  f r e e z i n g ,  o r  
l y o p h i l i s a t i o n  o f  v i r u s  m a t e r i a l  (M cK inney a n d  S i l b e r ,  
196 8 ; R o l l i n g s  and  S to n e ,  1970 , G r i v e l l  e t  al_, , 1971; 
R u r e i f u l l  e t  a l . , 1 9 7 5 ) .
T he a d d i t i o n  o f  1 p e r  c e n t  so d iu m  a z id e  t o  l e a f  t i s s u e  
h a s  b e e n  show n to  p r o t e c t  v i r u s e s  a g a i s n t  m i c r o b ia l
d e g r a d a c io n  and  co p r e s e r v e  t h e i r  a n t i g e n i c i c y  (G ood ing  
and  T s a k i r i d i s ,  1 9 7 1 ) .  Many p l a n t  v i r u s e s  c a n  be  
p r e s e r v e d  f o r  many y e a r s  i n  e m a il  p i e c e s  o f  i n f s c t e d  
l e a f  m a t e r i a l  d r i e d  a n d  s t o r e d  o v e r  c a lc iu m  c h l o r i d e  in  
s to p p e r e d  b o t t l e s  a t  V C  (B o s , 1 9 7 7 i Bos a n d  B e n e tC i,  
1 9 7 9 ) ,
F r e e z in g  i n f e c t e d  t i s s u e  o r  p u r i f i e d  v i r u s  p r e p a r a t i o n s  
a t  -2 0 °C , o r  i n  d r y  i c e  o r  l i q u i d  n i t r o g e n ,  h a s  a l s o  
b e en  u s e d  s u c c e s s f u l l y  w i th  many v i r u s e s  (Rochow  e t  
a l . ,  19 7 1 ; B e s t ,  1 9 6 1 ; S i l b e r  a n d  B u rk , 1 9 6 5 ) .
A d d i t io n  o f  10 p e r  c e n t  g l y c e r o l  t o  p u r i f i e d  p r e p a r a ­
t i o n s  b e f o r e  f r e e z i n g  p r e s e r v e s  t h e  a n t i g e n i c  a c t i v i t y  
o f  some v i r u s e s  ( P a u l  and  Q u e r f u r t h ,  19 7 9 5 . 
L y o p h i l i s a t i o n  o f  i n f e c t e d  p l a n t  s a p  i n  t h e  p r e s e n c e  o f  
g lu c o s e  a n d  p e p to n e ,  f o l lo w e d  by  s t o r a g e  u n d e r  vacuum  
a t  room  t e m p e r a tu r e ,  h a s  a l s o  b e e n  u s e d  ( R o l l i n g s  and  
S t o n e ,  1 9 7 0 ) .
4 .5  E l e c t r o n  m ic ro s c o p y
E l e c t r o n  m ic r o s c o p e  s t u d i e s  o f  c r u d e  e x t r a c t s  o r  
p u r i f i e d  p r e p a r a t i o n s  a r e  t h e  m o s t im p o r t a n t  f i r s t  
s t e p s  i n  th e  i d e n t i f i c a t i o n  o f  a  p l a n t  v i r u s  and  a  
f c te a t  d e a l  o f  s u b s e q u e n t  i n v e s t i g a t i o n s  w i l l  d e p en d  on 
t h e s e  r e s u l t s  (B o c k , 1 9 8 2 ) . A c c o rd in g  to  B ra n d e s  and 
B e rc k  (1965 ) v i r u s e s  w i th  e lo n g a te d  p a r t i c l e s  a r e  
e a s i l y  a s s ig n e d  co a  ta x o n o m ic  g r o u p ,  b e c a u s e  t h e  s i z e  
r a n g e  o f  m o s t g ro u p s  o f  su c h  v i r u s e s  i s  s u f f i c i e n t l y  
d i s t i n c t  from  t h a t  o f  o t h e r  g r o u p s .  S p h e r i c a l  v i r u s  
p a r t i c l e s  i n  c ru d e  e x t r a c t s  a r e  v e r y  d i f f i c u l t  to  s e e  
u n d e r  th e  e l e c t r o n  m ic r o s c o p e .  D e t e r m in a t io n  o f  
p a r t i c l e  s i z e  c an  be made f r  m c ru d e  p l a n t  e x t r a c t s ,  
u s in g  th e  l e a f  d ip  m e th o d  o r  a f t e r  p u r i f i c a t i o n .  The 
a d v a n ta g e  o f  m e a su re m e n ts  e m p lo y in g  c ru d e  p l a n t
/
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e x t r a c t s  i s  co a v o id  b r e a k a g e  o f  p a r t i c l e s  t h a t  o f c e n  
o c c u r s  a f t e r  p u r i f i c a t i o n  ( H i tc h b o r n  and  H i l l s ,  1 9 6 5 ) .
4 . 5 . 1  N e g a tiv e  s t a i n i n g
The n e g a t iv e  s t a i n i n g  t e c h n iq u e  was f i r s t  i n t r o d u c e d  by  
H a ]1 (1955 ) a n d  d e v e lo p e d  by  B r e n n e r  a n d  H o rn e  (1 9 5 9 ) 
a n d  A lm e id a  a n d  H ow atson  ( 1 9 6 3 ) .  E x a m in a t io n  o f  
p r e p a r a t i o n  by  e l e c t r o n  m ic r o s c o p y ,  u s in g  th e  n e g a t i v e  
s t a i n i n g  p r o c e d u r e ,  i s  one  o f  t h e  f a s t e s t  w ays t o  
a s s i g n  a p a r t i c u l a r  v i r u s  t o  a ta x o n o m ic  g r o u p  (H o rn e , 
: Q6 7 ) .  T he m opt w id e ly  u s e d  n e g a t i v e  s t a i n s  a r e  
s o l u t i o n s  o f  so d iu m  p h o s p h o t u n g s t a t e , u r a n y l  a c e t a t e ,  
u r a n y l  f o r m a te ,  ammonium m o ly b d a te  o r  so d iu m  
s i l i c c t u n g s t a t e  (G ib b s  a n d  H a r r i s o n ,  1 9 7 6 ) .  The 
p a r t i c l e s  o f  some v i r u s e s  a r e  d e s t r o y e d  o r  damaged i n  
P h o s p h o tu n g s t ic  a c i d  (PTA) (H a m il to n  e t  a l .  , 1 9 3 1 ) .  
The v s s e n c e  o f  Che p r o c e s s  i s  t h a t  t h e  s t a i n  d o e s  n o t  
r e a c t  w i th  t h e  p a r t i c l e  b u t  m e r e ly  s u r r o u n d s  i t ,  
o u t l i n i n g  i t  a s  e l e c t r o n - d e n s e  m a t e r i a l  ( M iln e , 1 9 7 2 ) .
- . 6  I n c l u s i o n  b o d ie s
A m a jo r  c y n o lo g ic a l  e f f e c t  o f  v i r u s  i n f e c t i o n  i s  th e  
d e v e lo p m e n t o f  i n c l u s i o n  b o d i e s .  T hey  a r e  l o c a t e d  i r  
e i t h e r  t h e  c y to p la s m  o r  t h e  n u c l e u s  o f  i n f e c t e d  c e l l s  
i M a r t e l l i  and  Ru r s o , 1 9 7 7 ) .  The ty p e  o f  i n c l u s i o n s  
fo rm ed  i s  c h a r a c t e r i s t i c  o f  th e  p a r t i c u l a r  v i r u s ,  b u t  
one v i r u s  may in d u c e  th e  f o r m a t io n  o f  s e v e r a l  d i f f e r e n t  
tv p e a  o f  i n c l u s i o n ,  e v e n  i n  t h e  same c e l l  (G ib b s  and  
H a r r i s o n , 1 9 7 6 ) . Many v i r u s e s  do n o t  fo rm  in c l u s i o n  
b o d ie s  ( R u b io - H u e r to s , 1 9 7 2 ) .  I n c l u s i o n  b o d ie s  a r e
v i s i b l e  by l i g h t  m ic ro s c o p y  b u t  e l e c t r o n  m ic ro sc o p y  
e x a m in a t io n  h a s  g iv e n  a  new i n s i g h t  i n t o  u l t r a s t r u c t u r e  
nnd c o m p o s i t i o n  o£ th e  v i r a l  i n c l u s i o n  b o d ie s  
(M a tth e w s , 1 9 7 0 ) .
zF o u r  g e n e r a l  ty p e s  o f  i n c l u s i o n  b o d ie s  a r e  r e c o g n i s e d  
( S m i th , 19 7 7 ; B o s , 1 9 7 8 ) :
( a )  am orphous b o d i e s ,  o r  "X " b o d ie s ;
(b )  c r y s t a l l i n e  i n c l u s i o n ;
( c )  a b n o rm a l c e l l  o r g a n e l l e s ;
( d )  i n c l u s i o n s  u s u a l l y  s e e n  o n ly  by  e l e c t r o n  m ic r o ­
s c o p y  t h a t  c o n s i s t  o f  v i r a l  c o a t  p r o t e i n  o r  o t h e r  
u n i d e n t i f i e d  p r o t e i n .
-’i r i o u s  n o rm a l structures may r e s e m b le  v i r u s - i n d u c e d  
i n c l u s i o n  (Newcomb, 19 6 7 ; P r i c e  a n d  T hom pson , 196 7 ; 
M a r in o s , 1 9 6 7 ) , P i n e v h e e l  i n c l u s i o n s  a r e
c h a r a c t e r i s t i c  f o r  many P o t y v i r u s e s  (E d w a rd s o n , 1966; 
E d w ard so n  e t  j a l . i I 'jf if l; l .d w a rd so n , 1 9 7 4 ) .
4 .7  E n z y m e - l in k e d  im m u n o so rb e n t a s s a y  (ELISA)
ELISA t e c h n iq u e  i s  u s e d  a s  a  r o u t i n e  d e t e c t i o n  o f  p l a n t  
v i r u s e s .  The ELISA t e s t  h a s  t h e  f o l l o w in g  a d v a n ta g e s  
( S te p h e n ,  1984) :
(a) E x trem e  s e n s i t i v i t y  -  a l lo w s  th e  d e t e c t i o n  o t  a s  
l i t t l e  a s  l - 1 0 n g /m l  v i r u s  ( C la r k  e t  a l . , 1 9 6 7 a ; 
G u g e r l i ,  197 8 ; R e ev e s  e t  a l .  , 197 8 ; D ev e rg u e  e £
a l . , 19 7 8 ; V o l l e r  e t  a l . , 1 9 7 6 ) .
' W A p p l i c a b i l i t y  t o  l a r g e  n u m b e rs  o f  s a m p le s ,  a s  
i n v e s t i g a t i o n s  o f  t h e  i n c id e n c e  o f  v i r u s  i n f e c t i o n  
in  c ro p s  ( T h re s h  e t  a l . ,  1977) .
( c )  Economy in  u s e  o f  h ig h  c o s t  a n t i s e r a .
(d) Semi-automatable.
( e )  Q u a n t i t a t i v e  ( C la r k ,  1 9 8 1 ; J a e g l e  a n d  Van R egen - 
m o r t e l ,  1985 s M arco  a n d  C o h e n , 1 9 7 9 ) .
( f )  I n d e p e n d e n t  o f  v i r u s  m o rp h o lo g y .
(g )  I n d e p e n d e n t  o f  v i r u s  c o n c e n t r a t i o n .
T y p ic a l  a p p l i c a t i o n s  i n c l u d e  th e  r o u t i n e  i n d e x in g  o f  
f r u i t  t r e e s  i n  t h e  f i e l d  f o r  t h e  p r e s e n c e  o f  A p p le  
m o sa ic  v i r u s  ( C la r k  e t  aJL ., 1 9 7 6 b ) ,  P lum  p o x  v i r u s
(Adam s, 1 9 7 8 ) , P ru n u s  n e c r o t i c  r i n g s p o t  v i r u s  ( B a rb a ra  
et_ a l . , 1978) a n d  C i t r u s  t r i s t e z a  v i r u s  ( B a r - J o s e p h  e t  
a l . ,  1 9 7 9 ) ;  t e s t i n g  o f  p o t a t o  l e a v e s ,  t u b e r s  and
s p r o u t s  f o r  th e  p r e s e n c e  o f  P o t a t o  v i r u s  Y a n d  P o t a to  
v i r u s  A (M aat a n d  De B okx , 1978b ) , P o t a to  l e a f  r o l l  
v i r u s  (M aat and  De B okx, 1 9 7 8 a ; G u g e r l i , 1 9 8 0 ; Tatnada
a n d  H a r r i s o n ,  1980) a n d  P o t a t o  v i r u s  X (De Bokx e t  a l . ,
3 9 8 0 ) ; and  d e t e c t i o n  o f  T o b ac co  r i n g s p o t  v i r u s  i n  
i n d i v i d u a l  so y b e a n  s e e d  ( L i s t e r ,  1 9 7 8 ) .
T h e re  a r e  b a s i c a l l y  t h r e e  e n z y m e - l in k e d  im m u n o so rb e n t 
a s s a y s  t h a t  h a v e  becom e e s t a b l i s h e d  i n  p l a n t  v i r o lo g y :
4 ,7 ,1  T he d o u b le  a n t ib o d y  s a n d w ic h  (DAS) ELISA
C l a r k  a n d  Adams (1 9 7 7 )  d e s c r i b e d  th e  s t a n d a r d  d o u b le  
a n t ib o d y  sa n d w ic h  (DAS) ELISA te c h n iq u e .  V i r u s -  
s p e c i f i c  a n t i b o d i e s  a r e  a d s o rb e d  to  a  s o l i d  s u r f a c e ,  
s u c h  a s  t h e  w e l l s  o f  a  p o ly s t y r e n e  M i c r o t i t e r  p l a c e . A 
t e s t  s a m p le , s u s p e c t e d  t o  c o n ta in  t h e  v i r a l  a n t i g e n ,  i s  
i n c u b a te d  w ith  t h e  a n t i b o d y - s e n s i t i s e d  s o l i d  p h a s e .  
V i r a l  a n t ig e n s  r e c o g n i s e d  b y  th e  a n t i b o d i e s  a r e  
s e r o l o g i c a l l y  b o u n d , E n z y m e - la b e le d  s p e c i f i c  a n t i ­
b o d ie s  a r e  a d d ed  a f t e r  t h e  t e s t  s a m p le  i s  rem o v e d . The 
l a b e l e d  a n t i b o d i e s  b in d  to  th e  v i r a l  a n t i g e n  a l r e a d y
bound to t h e  c o aC in g  a n t i b o d i e s  and  fo rm  th e  -trn ib le  
a n t ib o d y  sa n d w ic h . Enzyme s u b s t r a t e  i s  a d d e d . The 
c o lo u r  c h an g e  in  th e  s u b s t r a t e  i s  p r o p o r t i o n a l  t o  t h -  
am oun t o f  enzym e p r e s e n t ,  w h ic h  i n  t u r n  i s  p r o p o r t i o n a l  
to  a n t ig e n  c o n c e n t r a t i o n  ( L a r - .J o s e p h  a n d  G a rn se y ,
DAS ELISA i s  e x t r e m e ly  s e n s i t i v e ,  b u t  i s  a l s o  v e ry  
s t r a i n  s p e c i f i c  (K o e n ig , 197 8 ; B a r b a r a  e_t a l .  , 197B;
L i s t e r  and  Rochow , 19 7 9 i Rochow a n d  C a r m ic h a e l , 1979; 
S a r - J o s e p h  a n d  S a lm o n , 1 9 8 0 ; U yem oto , 1 9 8 0 ) .  T he DAS 
ELISA m e th o d  i s  p r e f e r r e d  when s e p a r a t e  d e t e c t i o n  o f  
s e r o l o g i c a l l y  r e l a t e d  v i r u s e s  i n  m ix e d  i n f e c t i o n s  i s  
r e q u i r e d  ■K o en ig  a n d  P a u l ,  1 9 8 2 a ) .
4 . 7 I n d i r e c t  ELISA
T he i n d i r e c t  El.ISA w as i n t r o d u c e d  by  V o l l e r  a n d  B id w e ll  
(1 9 7 7 )  a n d  h a s  b e e n  u se d  by  many v i r o l o g i s t s ,  in c lu d in g  
R y b ic k i  and  Von Wechmar ( 1 9 8 1 ) ,  K o e n ig  (1 9 8 1 )  and 
B a r - J o s e p h  e t  a l .  ( 1 9 7 9 ) .  I n d i r e c t  ELISA systems 
f o l l o w  a  d o u b le  a n t ib o d y  s a n d w ic h  p r o c e s s ,  e x c e p t  t h a t  
t h e  s e c o n d  l a y e r  o f  s p e c i f i c  a n t ib o d y  r a i s e d  i n  r a b b i t  
i s  n o t  enzym e l a b e l l e d .  The l a b e l  i s  i n t r o d u c e d  a s  a 
c o n ju g a te d  a n t i - r a b b i t  gimma g l o b u l i n  i n  a  f u r t h e r  
s t e p .  The i n d i r e c t  ELISA o v e rc o m e s  th e  e x tre m e  
s p e c i f i c i t y  o f  DAS ELISA a n d  i s  u s e f u l  f o r  rh e  
d e t e c t i o n  o f  d i s t a n t  s e r o l o g i c a l  r e l a t i o n s h i p s  w h ic h  
may n o t  be  d e m o n s t r a b le  by  any  p r e c i p i t i n  t e s t  ( R y b ic k i  
a n d  Von W echm ar, 198 5 ; Lommel a t  a l .  , 1 9 8 2 ; K o e n ig  and 
P a u l ,  1 9 8 2 b ) .
/
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4 .7 .3  Compound o r  s a n d w ic h  i n d i r e c t  ELISA 
( F ( a b 1) t ELISA)
T h is  ELISA m o d i f i c a c io n  in t r o d u c e d  by B a r b a r a  a n d  C la r k  
(1982 ) and  i s  u s e d  b y  B a r - J o s e p h  a n d  M a lk in s o n  (1 9 8 0 )  
a n d  Van R e g e n m o rte l a n d  B u rc h a rd  (1 9 8 0 )  . T h is  t e c h ­
n iq u e  c o m b in es  th e  a d v a n ta g e s  o f  a n  i n d i r e c t  a s s a y  w i th  
th o s e  o f  DAS-ELISA. A n tig e n  i s  t r a p p e d  on a  s o l i d  
p h a s e  a s  i n  DAS E l i z a  b u t  t h e  F ( a b ' p a r e  o f  t h e  gamma 
g l o b u l i n  m o le c u le  i s  u s e d .  The t r a p p e d  v i r u s  i s
d e t e c t e d ,  u s in g  u n l a b e l l e d  gamma g l o b u l i n  a n d  t h i s  in  
t u r n  i s  d e t e c t e d ,  u s i n g  an  im m u n o g lo b u lin - b a s e d  enzym e 
c o n ju g a t e  s p e c i f i c  f o r  th e  Fc p o r t i o n  o f  t h e  IgG .
4 . 7 . 4  D e t e c t io n  o f  v i r u s  i n  a p h id s  b y  ELISA
ELISA c a n  be u s e d  to  d e t e c t  v i r a l  a n t i g e n  i n  a p h id s ,  
e . g .  Cucum ber m o sa ic  v i r u s  (G e ra  e t  a l_ . , 1978) , P e a
e n a t i o n  m o sa ic  v i r u s  ( F a r g e t t e  e t  a l_ . , 1981) , P o t a to  
l e a f r o l l  v i r u s  ( C la r k e  e t  a l .  , 1 9 8 0 ; Tam ada and
H a r r i s o n ,  1 9 8 1 ) , P o t a t o  v i r u s  Y  (R a c c a h  et a l . ,  1981) 
a n d  M aize  ra y a d o  f i n o  v i r u s  h a s  b e e n  d e t e c t e d  by  ELISA 
i n  t h e  l e a f h o p p e r  D a lb u lu s  m a id is  ( R iv e r a  e t  a l ,  ,
1981) .
4 .8  P o ly a c ry l a m id e  g e l  E l e c t r o p h o r e s i s  (PAGE)
SDS-PAGE i s  th e  p r i n c i p a l  t e c h n iq u e  u s e d  to  d e te r m in e  
t h e  num ber o f  v i r a l  p o ly p e p t id e s  \n d  t h e i r  m o le c u la r  
w e ig h ts  (L ae m m li, 1 9 7 0 ; M a iz e l , 1 9 7 1 ) .  The p ro b le m  o f  
p r o t e i n  d e g r a d a t i o n  d u r in g  v i r u s  p u r i f i c a t i o n  and
s to r a g e  i s  e s p e c i a l l y  s i g n i f i c a n t  i n  i t s  e f f e c t  on 
e s t i m a t e s  o f  p o ly p e p t id e  num ber by  SDS-PAGE (K o e n ig  e t  
a l . . 197 0 i H ie b e r t  a n d  M c d o n a ld , 1 9 7 3 ; A l A n i e t  a l .  ,
1 9 7 9 ) .  The m o le c u l a r  w e ig h t  o f  an  unknow n p r o t e i n  i s  
e s t im a te d  by c o m p a rin g  i t s  m o b i l i t y  w i th  C hose o f  o t h e r
4p r o t e i n s  o f  known m o le c u l a r  w e ig h c  ( S h a p i r o  e t  a l . , 
1 9 6 7 i W eber eC a l , , 2 9 7 2 ; A lp e r  e t  a l_ . , 1 9 8 4 ) .  10 to
50pg o f  p r o t e i n s  o f  p u r i f i e d  v i r u s  p r o d u c e  d i s t i n c t  
b a n d s  u s in g  S0S-PAGE ( P a u l ,  1 9 7 4 ) .  SDS i n c r e a s e s  th e  
r e s o l v i n g  pow er o£ b a n d s  a n d  p r e v e n t s  z o n e  d i s p e r s i o n  
(C hen  and  C hram back , 1 9 8 0 ) .
5 .  AIMS
T he a im  o f  t h i s  i n v e s t i g a t i o n  w as t o  a s c e r t a i n  th e  
c a u sa ?  a g e n t  o f  t h e  d i s e a s e  o f  g u a r  b e a n  w hose  sym ptom s 
o f  g ro w th  r e d u c t i o n ,  " l i t t l e  l e a f "  a n d  sterility wars 
s u s p e c t e d  to  b e  o f  a  v i r a l  n a t u r e ,  s i n c e  p r e l i m i n a r y  
t e s t s  show ed no  s i g n s  o f  a  b a c t e r i a l  i n f e c t i o n .
T he o b j e c t i v e s  o f  t h e  p r e s e n t  s tu d y  w e re  t o
( 1 )  e s t a b l i s h  w h e th e r  b a c t e r i a  w ere  r e s p o n s i b l e  f o r  
t h e  d i s e a s e ;
( 2 )  c o n f ir m  th e  p r e s e n c e  o f  t h e  v i r u a ( e s )  by  i n d i c a t o r  
s t u d i e s ,  i . e .  t r a n s m i s s i o n  o f  t h e  v i r u s  b y  a p h id s  
a n d  m e c h a n ic a l  i n o c u l a t i o n  to  h o s t  p l a n t s ;
( 3 )  d e t e c t  t h e  v i r u s ,  u s in g  ELISA p r o c e d u r e s  w i th  
d i f f e r e n t  a n t i s e r a  t o  common v i r u s  d i s e a s e s  o f  
b e a n s  and  t o  i d e n t i f y  th e  g ro u p  t o  w h ic h  g u a r  
v i r u s  i s  s e r o l o g i c a l l y  r e l a t e d ;
(4 ) p u r i f y  t h e  v i r u s ,  f o l l o w in g  d e t e r m in a t io n  o f  
p a r t i c l e  s i z e  and  sh a p e  i n  t h e  e l e c t r o n  m ic ro s c o p e  
a s  w e l l  a s  m o le c u l a r  w e ig h ts  o f  v i r a l  p r o t e i n s ,  
u s in g  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s i
(5 ) A s c e r t a i n  i f  Che g u a r  v i r u s  h a d  a n y  r e s e m b la n c e  Co 
Che c a u s a l  a g e n t  o f  s t e r i l i t y  m o sa ic  i n  p ig e o n p e a .
CHAPTER 2
MATERIALS AMD METHODS
I .  CONDITIONS FOR GROWTH OF GUAR
T he g u a r  p l a n e s  w ere  grow n in  a m ix t u r e  o f  -- e r i l i s e d  
s o i l ,  com pose and  v e m i c u l a e e  i n  a  r a c i o  o f  l i l i l .  The 
s e e d s  w ere  p l a n t e d  i n  s o i l  n o t  d e e p e r  t h a n  0 .5 c m . The 
poE s w ere  30cm d e e p  to  a l lo w  th e  l o n g  r o o t  o f  g u a r  to  
d e v e lo p .  A f t e r  th e  s e e d s  g e r m i n a te d ,  a b o u t  s e v e n  d a y s 
l a t e r ,  th e  s e e d l i n g s  w ere  w a t e r e d  w i th  a  s u s p e n s io n  o f  
R h izo b iu m  cow pea E g r o u p  (A p p e n d ix  1 ) .  T he p l a n t s  w ere  
w a te r e d  o n ly  tw ic e  a w eek  b e c a u s e  e x c e s s  w a te r  
i n c r e a s e s  s u s c e p t i b i l i t y  t o  d i s e a s e s  a n d  r e g u l a r l y  
s u p p l i e d  w i th  e s s e n t i a l  n u t r i e n t s  by  th e  a p p l i c a t i o n  o f  
a  b a la n c e d  m in e r a l  s o l u t i o n  ( " C h « . i c u l t " ) . T he g u a r  
p l a n t s  w e re  k e p t  i n  a g ro w th  c a b i n e t  w i th  a  te m p e r a tu r e  
o f  2 8 “C and  60 p e r  c e n t  h u m id i ty .
2 . PLANT MATERIAL
L e a f  m a t e r i a l  sh o w in g  sym ptom s ( F i g s . 2 a n d  3) was 
c o l l e c t e d  fro m  f i e l d s  o f  g u a r  n e a r  W h ite  R i v e r  i n  t h e  
E a s t e r n  T r a n s v a a l  ( T a b le  4 ) .  L e a f  m a t e r i a l  w h ic h  
show ed no  v i r u s  nymptom s i n  t h e  f i e l d  ( " H e a l t h y " )  was 
a l s o  c o l l e c t e d  ( F ig .  4 ) ( T a b le  5 ) .  I n  a d d i t i o n ,  s e e d s  
s u s p e c t e d  o f  b e in g  i n f e c t e d  w i th  v i r u s  a n d  h e a l t h y  
s e e d s  w ere  p r o v id e d  by Dr B r ia n  B eck .
/
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T a b le  4 : I n fe c C e d  g u a r  v a r i e t i e s
V a r i e t i e s
" L i t t l e  l e a f "
" L i t t l e  l e a f "  + s t e r i l i t y
G re e n  s t e r i l e  
G re e n  s t e r i l e  
G re e n  s t e r i l e
P e r c e n ta g e  g e rm i n a t i o n
T X -78 -3726
T X -7 8 -3695
T X -7 1 0 3 0 -1 -1 -2 -2 B
T X -78 -3337





Z -2 0 7 -1 -1
T X -76-3285
K a te h -8
X
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3 . IDENTIFICATION OF BACTERIA
T he p r o c e d u re  f o l lo w e d  f o r  i d e n t i f i c a t i o n  o f  b a c t e r i a  
i s  d e p i c t e d  i n  F i g .  10 ( S c h a a d , 1 9 8 0 ) s
( a )  G row th  on  common b a c t e r i o l o g i c a l  m e d ia
S m all s e c t i o n s  o f  i n f e c t e d  g u a r  l e a v e s  TX 7 9 -2741  
w ere  s t e r i l i s e d  by  p l a c i n g  th em  i n  20 p e r  c e n t  
F o r i s a l in  f o r  10 m in u te s  a n d  th e n  i n  70 p e r  c e n t  
A lc o h o l  f o r  15 m i n u t e s . A f t e r  r i n s i n g  i n  s t e r i l e  
w a t e r ,  t h e  s e c t i o n s  w e re  p l a c e d  o n to  n u t r i e n t  a g a r  
m e d ia  (A p p e n d ix  I I )  . P l a t e s  w e r e  o b s e r v e d  f o r  
b a c t e r i o l o g i c a l  g r o w th .
(b )  Gram s t a i n
The c o l o n i e s  g row n  on  n u t r i e n t  a g a r  w e re  s t a i n e d  
w i th  G ra m - s ta in  (A p p e n d ix  I I ) .
( c )  S e l e c t i v e  m e d ia
1 . YDC a g a r
C o lo n ie s  w ere  g ro w n  on  YDC a g a r  (A p p e n d ix  I I )  
a n d  o b s e rv e d  f o r  c o lo u r  o f  c o l o n i e s .
2 . KB a g a r
C o lo n ie s  w e re  grow n i n  KB a g a r  (A p p e n d ix  I I )  
and  o b s e rv e d  f o r  f l u o r e s c e n t  p ig m e n t ,
4 .  TRANSMISSION STUDIES
4 .1  I n d i c a t o r  p l a n t s
I n d i c a t o r  p l a n t s  a r e  u s e d  to  c o n f i r m  th e  p r e s e n c e  o f  a 
v i r u s  i n  a n o th e r  p l a n t  w h ic h  show s sy m p to m s. T hey  a r e  
a l s o  u s e f u l  i n  s tu d y i n g  th e  h o s t  r a n g e  o f  a  v i r u s . The 
v i r u s  m u s t b e  l a b o r a t o r y  t r a n s m i s s i b l e ,  e i t h e r  b y  sap  




F o u r  t y p e r  o f  i n d i c a t o r  p l a n t s  a r e  d e s i r a b l e  (G ib b s  and  
H a r r i s o n ,  ^ 9 7 6 ) : -
One in  w h ich  a s t o c k  c u l t u r e  o f  t h e  v i r u s  c an  be 
m a in ta in e d  f o r  lo n g  p e r i o d s  s a  s e c o n d  in  w h ic h  
c h a r a c t e r i s t i c  sym ptom s a r e  p r o d u c e d  a n d  w h ic h  c a n  be 
u s e d  to  a id  d e t e c t i o n  a n d  d i a g n o s i s i  a  t h i r d  w h ic h  i s  
a  s o u r c e  o f  l a r g e  a m o u n ts  o f  v i r u s s  a n d  a  f o u r t h  f o r  
a s s a y i n g  i n f e c t i v i t y ,  p r e f e r a b l y  by  c o u n t in g  v i s i b l e  
p r im a ry  i n f e c t i o n s .
I n  t h i s  h o s t  s tu d y  p l a n t s  w e re  c h o s e n  on  t h e  b a s i s  o f  
t h e i r  s u s c e p t i b i l i t y  t o  v i r a l  i n f e c t i o n .  T he f a m i l i e s  
L e g u ro in o sa e , S o l a n a c e a e ,  L a b i a t a e ,  C h e n o p o d ia e e a e  a n d  
C u r c u b i t a c e a e  a r e  " s u s c e p t i b l e  f a m i l i e s ’’ ( B o i l i n g s ,  
1 9 6 6 ) .  The l i s t  o f  i n d i c a t o r  p l a n t s  u s e d  in  t h i s  
i n v e s t i g a t i o n  a r e  p r e s e n t e d  i n  T a b le  6 .
T a b l e  6 1 U s t  o f  i n d i c a t o r  p l a n t s  u s e d  i n  t h e  d e t e r -
m in a t io n  o f  h o s t  r a n g e  
I n d i c a t o r  o l a n t r . . l lY
N i c o t i a n s  C l e v e l a n d ! !  G rav S o la n a c e a e
N ic o t i a n s  g l u t i n o s a  L . S o la n a c e a e
N ic o t i a n a  ta b ac u m  v a r .  Sam sun L . S o la n a c e a e
D a tu ra  s tro m o n iu m  L . S o la n a c e a e
P e tu n ia  h y b r id s  V ilm . S o la n a c e a e
P isum  s a t iv u m  L . v a r , G r e e n f e a s t L eg u m in o sae
Chenooodium  a m a r a n t i c o l o r C h e n o p o d ia c sa
C henooodium  q u in c e C h e n o p o d ia c e a
L v c o o e rs ic u m  e s c u le n tu m  L . S o la n a c e a e
V io la  f a b a  L . L eg u m in o sae
G lv c in e  max L . L eg u m in o sae
L u o in u s  a lb u s L egum inosae
I n d i c a t o r  p la n t:
V igna  u n a u lc u l a c a  v a r .  B la c k  e y e  L eg u m in o aa e
v a c . The P r in c e  L eg u m in o sse
v a r .  B o u n c i f u l  L eg u m in o sae
v a r .  D oub le  w h in e  s e t r l e r  L eg u m in o sae
v a r .  Top c ro p  L eg u m in o sae
v a r .  C o n te n d e r  L eg u m in o sae
v a r . C a n a d ia n  w onder L eg u m in o sae
v a r ,  W in c e rg re e n  L eg u m in o aa e
v a r .  G o ld e n  p o d d e d  wax L eg u m in o sae
v a r .  M onroe L eg u m in o sae
v a r .  N a c a l r o u n d  y e l lo w  s u g a r  L eg u m in o sae
v a r .  G e n u in e  c o r n f i e l d  L eg u m in o sae
v a r .  L azy  h o u s e w i fe  L eg u m in o sae
v a r .  P e ru  0251  L eg u m in o sae
v a r .  S a n i l a c  L eg u m in o sae
v a r .  D ia c o l  c a l i t n a  L eg u m in o sae
v a r .  P i n to  L eg u m in o sae
P h a s e o lu s  s p . ( b ro a d  b e a n s )  L eg u m in o sae
v a r .  A q u ad u lce
P h a s e o lu s  s p .  ( r u n n e r  b e a n s )
v a r .  E v e r y b e a r in g  L eg u m in o sae
4 .2  M e c a h n ic a l  i n o c u la c io n
I n f e c t e d  g u a r  le a v e s  v a r a . T X -7 9 -2 7 4 1 , H S B -130 , G -1 2 0 , 
S L -1 0 0 , L ew is a n d  ZDPS s h o w in g  sym ptom s o f  s t e r i l i t y  
and  " l i t t l e  l e a f "  ( T a b le  <S) w ere  m a c e ra te d  in  2 -5  p a r t s  
(W/V) 0.01M  p o ta s s iu m  p h o s p h a te  b u f f e r  pH 7 .0  (A p p e n d ix  
I I I )  and  a s m a l l  am oun t o f  c e l i t e  (50  t o  100m g/m l) i n  a 
m o r t a r  a n d  p e s t l e .  T h is  in o c u lu m  w as th e n  g e n t l y
ru b b e d  o v e r  th e  s u r f a c e  o f  s u s c e p t i b l e  (10  to  14 d a y -
o ld  f i r s t  t r i f o l i a t e  l e a v e s )  i n d i c a t o r  p l a n t s  ( T a b le  6) 
a s  w e l l  a s  h e a l t h y  g u a r  p l a n t s .  A f t e r  i n o c u l a t i o n ,
l e a v e s  w ere  r i n s e d  u n d e r  a  s lo w  s t r e a m  o f  d i s t i l l e d
w a t e r  t o  i n c r e a s e  t h e  p o i n t s  o f  e n t r y  o f  t h e  v i r u s  
( S m i th , 1 9 7 7 ) . I n o c u l a t e d  p l a n t s  w e re  k e p t  in  
t e m p e r a tu r e s  o f  25°C a n d  3 0 °C . I n f e c t e d  l e a v e s  w ere  
h a r v e s t e d  3 w eeks a f t e r  t h e  i n o c u l a t i o n  o f  p r im a ry  
l e a v e s .  As c o n t r o l ,  h e a l t h y  I n d i c a t o r  p l a n t s  w ere  
r u b b e d  w i th  d i s t i l l e d  w a t e r  a n d  c e l i t e .
4 .3  A ph id  t r a n s m i s s i o n
A c c o rd in g  t o  B6ck (1 9 8 5 ) t h e  g u a r  v i r u s  c o u ld  n o t  b e  
t r a n s m i t t e d  by  w h i t e  f l y  ( B e tn is ia  t a b a c i ) . I n  t h i s  
i n v e s t i g a t i o n  t r a n s m i s s i o n  s t u d i e s  w e re  p e rf o rm e d  w i th  
M yzus p e r a i c a e  ( S u l z e r ) , w h ic h  i s  t h e  v e c t o r  o f  50 
d i f f e r e n t  v i r u s e s  ( S m i th , 1 9 7 7 ) .
A p h id s  r e a r e d  on h e a l t h y  C h in e s e  c a b b a g e  p l a n t s  i n  an  
i n s e c t  c a g e .  The p l a n t s  w e re  k e p t  a t  te m p e r a tu r e s  
b e tw ee n  15 to  2Q°C and  c o n t in u o u s  i l l u m i n a t i o n .  T h ese  
c o n d i t i o n s  s u p p r e s s  t h e  d e v e lo p m e n t o f  w in g e d  a p h id s  
w h ic h  a r e  n o t  e a s y  t o  h a n d le  a n d  n o t  su c h  e f f i c i e n t  
v e c t o r s  (S te p h e n ,  1 9 8 4 ) .
/
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4 .3 .1  N o n - p e r s i s t e n t  a p h id  c ra n s m is s io n
V i r u s - f r e e  a p h id s  w e re  b r u s h e d  i n t o  a  p e t r i - d i s h ,  
s t a r v e d  f o r  1 h o u r  i n  a c o o l  s h a d e d  p l a c e  a n d  g iv e n  an 
a c q u i s i t i o n  p e r io d  o f  2 m in u te s  on i n f e c t e d  g u a r  v a r .  
T X -7 9 -2 7 4 2 . A p h id s  w e re  th e n  t r a n s f e r r e d  t o  h e a l th y  
g u a r  and  i n d i c a t o r  p l a n t s :  Ch e n opod iu ro  g u in e a ,  C henopo- 
d ium  a m a r a n t l c o l o r , P isu tn  s a t i v u m , S i c o t i a n a  g l u t i n o s a . 
N ic o t i a n a  ta b a c u m , N i c o t i a n a  c l e v e l a n d i l , G ly c in e  m ax . 
P h a s e o lu s  v u l g a r i s  v a r s .  B o u n t i f u l , D o u b le  w h i te  
s e t t l e r ,  P r in c e  a n d  Top c r o p .  A t l e a s t  f i v e  a p h id s  
w e re  t r a n s f e r r e d  t o  e a c h  s e p a r a t e  i n d i c a t o r  p l a n t . The 
a p h id s  w ere  a l lo w e d  a t r a n s m i s s i o n  f e e d  o f  1 h o u r ,  i n  a 
s m a l l  c a g e  w h ic h  c l i p p e d  i n t o  a s m a l l  a r e a  o f  l e a f .
I n  o r d e r  t o  a v o id  da m ag e , f e e d in g  a p h id s  w ere  d i s t u r b e d  
b y  g e n t l y  to u c h in g  t h e i r  a n te n n a e  o r  b r e a t h i n g  o n  them  
to  w ith d ra w  s t y l e c s .  O nce th e  s t y l e t s  w ere  w ith d ra w n  
th e  a p h id  c a n  b e  c a r e f u l l y  p ic k e d  up  w i th  a s l i g h t l y  
m o is te n e d  p a i n t  b r u s h .
T he v e c t o r  a p h id s  w ere  t h e n  k i l l e d  by  s p r a y i n g  w i th  an 
a p h ic id e  ( P i r i m o r / e f e k t o )  a n d  t e s t  p l a n t s  w e re  a l lo w e d  
t o  g row  f o r  symptom o b s e r v a t i o n .
4 . 3 . 2  P e r s i s t e n t  a p h id  t r a n s m is s io n
A p h id s  w ere  h a n d le d  i n  t h e  same way a s  f o r  n o n -  
p e r s i s t e n t  v i r u s  t r a n s f e r ,  e x c e p t  t h a t  no  s t a r v a t i o n  
p e r i o d  w as r e q u i r e d  b e f o r e  a c q u i s i t i o n .  I n  a d d i t i o n ,  
t h e  a c q u i s i t i o n  p e r io d  a n d  i n o c u l a t i o n  f e e d  w e re  lo n g e r  
(24 h o u r s ) .
/I n  a  p a r a l l e l  c o n t r o l  t e s t ,  t h e  a p h id s  w ere  f e d  on 
n o n - i n f e c t e d  g u a r  l e a v e s  v a r . T X -7 9 -2741  and 
t r a n s f e r r e d  to  i n d i c a t o r  p l a n t s  u s in g  th e  r e l e v a n t  
a c q u i s i t i o n  a n d  t r a n s m i s s i o n  f e e d in g  t i m e s . T h is  
c o n t r o l  t e s t  w as made i n  o r d e r  t o  e n s u r e  t h a t  th e  
sym ptom s w h ic h  d e v e lo p e d  w e re  n o t  s im p ly  due  to  f e e d in g  
o f  v e c t o r s  o r  e x t r a n e o u s  f a c t o r s  ( S te p h e n ,  1 9 8 4 ) .
4 .4  S e e d  t r a n s m is s io n
P o d s fro m  i n f e c t e d  g u a r  v a r i e t i e s  ( T a b le  4) sh o w in g  
sym ptom s o f  " l i t t l e  l e a f "  s t u n t i n g  a n d  s t e r i l i t y  w ere  
c o l l e c t e d ,  a s  w e l l  a s  p o d s  f ro m  i n d i c a t o r  p l a n t s  ( T a b le  
6 ) i n f e c t e d  by m e c h a n ic a l  i n o c u l a t i o n  a n d  by  a p h id  
t r a n s m i s s i o n .  S e e d s  w e re  r em o v e d  a n d  sow n i n  p o t s .  
S e e d l in g s  w ere  o b s e rv e d  f o r  v i r u s  sym ptom s f o r  8 w eeks 
a t  2 5 eC a n d  3 0 °C . As c o n t r o l ,  h e a l t h y  s e e d s  w e re  sow n.
5 . BIOLOGICAL PROPERTIES OF VIRUS
5 ,1  L o n g e v i ty  i n  v i t r o
D i f f e r e n t  v i r u s e s  b e h a v e  d i f f e r e n t l y  w hen a l lo w e d  to  
a g e  i n  v i t r o  a t  room  t e m p e r a t u r e , L o n g e v i ty  i n  v i t r o  
i s  d e f in e d  a s  th e  t im e  f o r  w h ic h  c ru d e  j u i c e  k e p t  a t  
room  te m p e r a tu r e  r e m a in s  i n f e c t i v e  ( S te p h e n ,  1 9 8 4 ) .
I n f e c t e d  g u a r  s a p  v a r .  T X -79 -2741  w as m a in ta in e d  a t  
room  te m p e r a tu r e  a n c  d a i l y  i n o c u l a t i o n s  w ere  made to  
th e  i n d i c a t o r  p l a n t  P h a s e o lu s  v u l g a r i s  v a r .  Top c ro p  a t
*5 .2  T h erm a l i n a c c i v a t l o n  p o i n t
The th e rm a l  i n a c t i v a t i o n  p o i n t  o f  a  v i r u s  i n  c ru d e  
e x t r a c t  i s  t h e  t e m p e r a tu r e  r e q u i r e d  f o r  c o m p le te  
i n a c t i v a t i o n  f o l lo w in g  a 10 m in u te s  e x p o s u re  t o  t h i s  
t e m p e r a tu r e  ( S te p h e n ,  2 9 8 4 ) .  2m l v o lu m e s  o f  i n f e c t e d  
g u a r  s a p  v a r .  T X -79 -2741  w ere  p l a c e d  i n t o  t h i n - w a l l e d  
t e s t  c u b e s . E ac h  tu b e  w as s u b j e c t e d  t o  t h e  f o l lo w in g  
d i f f e r e n t  te m p e r a tu r e s  f o r  10 m i n u t e s :
20°C , 2 5 aC, 3 0 °C , 35°C , 4 0 °C , 45°C , 5 0 eC, 55°G , 
6 0 °C , 70°C , 80*C 
by  p l a c i n g  i t  i n  a  w a te r  b a t h .  E ac h  s a m p le  o f  
h e a t - t r e a t e d  sa p  w as i n o c u l a t e d  o n to  P h a s e o lu s  v u l g a r i s  
v a r .  Top c ro p  a t  30°C .
5 .3  D i l u t i o n  e n d - p o in t
D e t e r m in a t io n  o f  t h e  d i l u t i o n  o f  c ru d e  s a p  e x t r a c t s  a t  
w h ic h  i n f e c t i v i t y  i s  l o s t  i s  a  u s e f u l  p o i n t e r  i n  v i r u s  
c h a r a c t e r i s a t i o n  ( S te p h e n .  1 9 8 4 ) .  I n f e c t e d  g u a r  sa p  
v a r . T X -79 -2741  w as d i l u t e d  w i th  0.01M  P o ta s s iu m
p h o s p h a te  b u f f e r  pH 7 .0  a s  f o l l o w s :
1 / 1 , 1 / 1 0 , 1 / 2 0 0 , 2 / 1 0 0 0 , 1 /1 0 0 0 0  
a n d  s e p a r a t e  m e c h a n ic a l  i n o c u l a t i o n s  f ro m  e a c h  tu b e  
d i l u t i o n  w ere  made t o  t e s t  p l a n t  P h a s e o lu s  v u l g a r i s  
v a r .  Top c ro p .
6 . VIRUS PURIFICATION
I n f e c t e d  g u a r  p l a n t s  v a r a . T X -79 -2741  a n d  ZDPS w ere  
u s e d  f o r  v i r u s  p u r i f i c a t i o n  p r o c e d u r e s . I n  a d d i t i o n ,  
p u r i f i c a t i o n  w as d one  w i th  i n f e c t e d  P ig e o n p e a  and 
P h a s e o lu s  v u l g a r i s  v a r .  C o n te n d e r  m e c h a n ic a l ly  
in o c u la t e d  w i th  t h e  i n f e c t e d  g u a r  s a p .
6 .1  P r o c e d u r e  1
The m e th o d  o f  J a f a r p o u r  e t  a l .  (1 9 7 9 )  w as u s e d .  T h is  
m e thod  h a s  be en  r e p o r t e d  t o  g iv e  t h e  h i g h e s t  y i e l d  o f  
v i r u s  and  th e  b e s t  p u r i t y  (C o w p er, 1 9 8 3 1 P o x , 1 9 8 4 ) .
One h u n d re d  a n d  f i f t y  g ram s o f  i n f e c t e d  l e a f  t i s s u e  w as 
h o m o g e n ise d  w i th  a  W arin g  b l e n d e r  i n  450m l c o ld  0.5M 
p o ta s s iu m  p h o s p h a te  b u f f e r , pH 7 .2  (A p p e n d ix  I I I ) .  
C ru d e  e x t r a c t s  w ere  f i l t e r e d  th r o u g h  two l a y e r s  o f  
c h e e s e c l o t h  and  c l a r i f i e d  by  s h a k in g  f o r  5 m in u te s  w i th  
a n  e q u a l  vo lu m e  o f  c h lo ro f o r m .  T he e m u ls io n  was 
c e n t r i f u g e d  a t  8000  rpm  f o r  25 m in u te s  i n  a J1 4  r o t o r  
o f  a  Beckman JS -2 1  c e n t r i f u g e .  V i r u s  w as p r e c i p i t a t e d  
fro m  th e  c o l l e c t e d  s u p e r n a t a n t  by  a d d in g  s o l i d  p o ly e ­
th y l e n e  g ly c o l  6000 (PEG) to  an  8 p e r  c e n t  (W/V) l e v e l ,  
p lu s  0 .5  p e r  c e n t  (W/V) so d iu m  c h l o r i d e  ( W a d ) .  
S t i r r i n g  w as c o n t in u e d  f o r  30 m in u te s  a t  4 °C , a f t e r  
w h ic h  th e  e x t r a c t  w as i n c u b a te d  o v e r n i g h t  a t  t h e  same 
te m p e r a t u r e . T he p r e c i p i t a t e  w as c o l l e c t e d  by 
c e n t r i f u g a t i o n  f o r  20 to  30 tn im u s s  a t  8000  rpm , and  
th e  p e l l e t  w as r e s u s p e n d e d  f o r  4 h o u r s  i n  1 /1 0  o f  th e  
o r i g i n a l  v o lum e  w i th  0 .025M  p h o s p h a te  b u f f e r ,  pH 7 .2  
(A p p e n d ix  I I I ) . The v i r u s  w as th e n  s u b je c t e d  to  two 
c y c l e s  o f  d i f f e r e n t i a l  c e n t r i f u g a t i o n ,  a  low  sp e e d  
c e n t r i f u g a t i o n  o f  8000 rpm  f o r  30 m in u t e s ,  f o l lo w e d  by  
a  h ig h  s p e e d  c e n t r i f u g a t i o n  o f  2 7 ,0 0 0  rpm f o r  2 h o u rs  
i n  a  T i  40 r o t o r  i n  a Beckm an u l t r a c e n t r i f u g e . P e l l e t s  
w ere  r e s u s p e n d e d  i n  0 .1  t o  0 .5 m l 0.025M  p o ta s s iu m  
p h o s p h a te  b u f f e r  pH 7 .2 .
6 .2  P r o c e d u r e  2
T h is  m e thod  i s  f o r  P o t y v i r u s e a  ( P i e t e r s e n ,  p a r s ,  
c o m m .). I n i e c t e d  l e a v e s  w e re  h o m o g e n ise d  in  a  W aring  
b l e n d e r  i n  c o ld  Q.5M K gH /K ^PO /, pH 8 .4  a n d  0 .5  p e r  c e n t  
(W/V) N ajS r:^ . J5 0 g  o f  le a v e s  i n  1000 m l of b u f f e r .
C ru d e  e x t r a c t s  w e re  f i l t e r e d  th r o u g h  tw o l a y e r s  o f  
c h e e s e c l o t h .  T he f i l t r a t e  w as c e n t r i f u g e d  a t  4500  rpm 
f o r  10 m i n u t e s . T r i t o n  X -100  2 p e r  c e n t  (W/V) was 
a d d ed  to  t h e  s u p e r n a t a n t  a n d  s t i r r e d  f o r  15 m in u te s  a t  
4 aC. T hen  4 p e r  c e n t  (W/V) PEG 8000  e n d  0.1M  MaCl w ere  
a d d e d  a n d  s t i r r i n g  was c o n t in u e d  f o r  1 h o u r  a t  4 °C , 
A f c a r  a  c e n t r i f u g a t i o n  a t  7000 rpm  f o r  10 m i n u t e s , th e  
p e l l e t  w as r e s u s p e n d e d  i n  50m l 0.1M  B o r a t e /K c l  pH 8 
( A p p e n d ix  I I I )  a n d  s t i r r e d  f o r  a t  l e a s t  1 h o u r  a t  V C . 
T he v i r u s  w as s u b j e c t e d  to  a  low  sp e e d  c e n t r i f u g a C io n  
o f  7000 rpm f o r  10 m i n u t e s . T he s u p e r n a t a n t  was a d d ed  
to  25m l tu b e s  u n d e r la y e d  w i th  5 a i l / tu b e  30 p e r  c e n t  
(W/V) s u c r o s f  i n  0.1M  b o r a t e / K c l  pH 8 .0 ,  a n d  g iv e n  a 
h ig h  s p e e d  c e n t r i f u g a t i o n  a t  27 000 rpm  f o r  2 .5  h o u r s  
a t  V C , T he p e l l e t s  w e re  r e s u s p e n d e d  i n  0.1M 
b o r a t e / K c l  b u f f e r  pH 8 o v e r n ig h t  a t  V C , w i th  tu b e s  
t i l t e d  to  c o v e r  p e l l e t s , (T he r o t o r s  m e n tio n e d  in  
p r o c e d u re  1 w e re  u s e d . )
6 .3  P r o c e d u r e  3
T he m e thod  o f  A lp e r  et_ a l .  (1 9 8 4 ) w as u s e d .
5 g ram s o f  i n f e c t e d  le a v e s  w ere  h o m o g e n ise d  i n  40m l o f  
a  s o l u t i o n  c o n ta in i n g  20m l o f  0.1M  p h o s p h a te  b u f f e r , pH 
9.2, 0.1 p e r  c e n t  2 - m e r c a p to e th n n o l , a n d  20ml o f
c h lo ro f o r m  (A p p e n d ix  I I I ) . T he m ix tu r e  w as c e n t r i f u g e d  
a t  2 OOOg f o r  10 m i n u t e s . P o l y e th y l e n e  g ly c o l  (4 p e r  
c e n t  W/V: M .W .6000) (PEC.) a n d  0 , ZM PlaCl w ere  a dded
■ r v ; .
- *
Co th e  a q u eo u s  p h a s e  a n d  c e n t r i f u g e d  a f t e r  1 h o u r  a t  
12 OOOg f o r  15 m in u t e s .
The p e l l e t  w as r e s u a p e n d e d  i n  t h e  p h o s p h a te  b u f f e r  and 
b r o u g h t  t o  ' ' ' / jq  o f  th e  i n i t i a l  v o lu m e . A f t e r
a d d i t i o n a l  p r e c i p i t a t i o n  w i t h  PEG and  N aC l a n d  low 
sp e e d  c e n t r i f u g a t i o n ,  t h e  r e s u l t i n g  p e l l e t  was 
r e s u s p e n d e d  i n  0 .2  t o  0 .5 m l o f  p h o s p h a te  b u f f e r  and
c e n t r i f u g e d  a t  2 OOOg f o r  10 m i n u t e s , a n d  th e  
s u p e r n a t a n t  k e p t .  A l l  p r o c e d u r e s  w ere  c o n d u c te d  a t
T he s u p e r n a t a n t ,  c o n t a i n i n g  v i r u s  p a r t i c l e s  was
s u b j e c t e d  to  f u r t h e r  c l a r i f i c a t i o n  by  e x t r a c t i o n  o f  
p o l y s a c c h a r i d e s .
6 .4  P o l y s a c c h a r id e  e x t r a c t i o n
To 1ml o f  p u r i f i e d  v i r u s  w ere  a d d e d :
1 v o lum e  2.5M  and
1 v o lum e  e th y le n g l y c o lm o n o m e th y le th e r  (EGME).
T he m ix t u r e  w as s h a k e n  f o r  3  m in u te s  a n d  c e n t r i f u g e d  a t  
6500  rpm f o r  10 m i n u t e s . T he u p p e r  a q u e o u s  p h a s e  was 
d i u l i r e d  o v e r n ig h t  i n  0 .05M  B o r a te /K c l  pH 8 ,0  and 
f t t e z e - d r i e d .  T he r e s u l t i n g  p e l l e t  was r e s u s p e n d e d  in  
5Q 0nl B o r a te /K c l  b u f f e r  pH 8 ,0  ( o r  any  o t h e r  b u f f e r  
a c c o r d in g  to  th e  p u r i f i c a t i o n  p r o c e d u r e  u s e d ) .
7 . PRESERVATION OF VIRUS MATERIAL
W herever p o s s i b l e ,  p u r i f i e d  v i r u s  p r e p a r a t i o n s  w ere  
u s e d  im m e d ia te ly  t o  a v o id  c o n ta m i n a t i o n  and 
i n a c t i v a t i o n  o f  t h e  v i r u s  p a r t i c l e * .  H ow ever, when 
s to r a g e  w as n e c e s s a r y ,  a  d ro p  ( 0 . 05m1 ' n t  1 p e r  ctinc.
/A
so d iu m  s z i d e ,  w h ic h  i s  an  a n t i m i c r o b i a l  com pound, was 
a d d ed  to  v i r u s  p r e p a r a t i o n  a n d  k e p t  a t  4 eC. I n f e c t e d  
g u a r  l e a v e s , p ig e o n p e a  a n d  m e c h a n ic a l ly  i n f e c t e d  
i n d i c a t o r  p l a n t s  w ere  also u s e d ,  f r e s h  w h ere  p o s s i b l e ,  
b u t  when s t o r a g e  w as n e c e s s a r y  th e y  w e re  f r e e z e - d r i e d  
f o r  26 h o u r s  and  s t o r e d  o v e r  c a lc iu m  c h l o r i d e ,
8 . ELECTRON MICROSCOPY
A l l  e l e c t r o n  m ic r o s c o p y  m e th o d s  w ere  p e r f o rm e d  w i th  a l l  
i n f e c t e d  g u a r  v a r i e t i e s  ( T a b le  4 ) ,  i n f e c t e d  p ig e o n p e a  
and  i n d i c a t o r  p l a n t s  c h a l l e n g e d  w i th  t h e  g u a r  v i r u s  by 
m e c h a n ic a l  i n o c u l a t i o n  ( T a b le  6 ) ,  o r  by  a p h id  
t r a n s m i s s i o n  ( 4 . 3 ) .  H e a l th y  g u a r  v a r i e t i e s ,  p ig e o n p e a  
e n d  i n d i c a t o r  p l a n t s  w ere  u s e d  a s  c o n t r o l s .  The 
n e g a t iv e  s t a i n s  w h ic h  w ere  u s e d :
2 p e r  c e n t  a q u e o u s  p h o s p h o tu n g s t i c  a c i d  (PTA) 
pH 6 .5  and  2 p e r  c e n t  a q u e o u s  u r a n y l  a c e t a t e  
(A p p e n d ix  I V ) . F o r m v a r -c a r b o n  o r  c o l lo d i o n - c o a t e d  
g r i d s  w ere  e m p lo y ed  < 8 .1 ,  8 . 2 ) .
3 .1  P r e p a r a t i o n  o f  c o p p e r  g r i d s
F o rm var f o r  c o p p e r  g r i d s  (3 0 0  m esh ) was p r e p a r e d  f o r  
TEM by  d ip p in g  s l i d e s  v e r t i c a l ' /  i n t o  a  b e a k e r  
c o n ta in i n g  0 .3  p e r  c e n t  fo rm v a r  .n  c h lo r o f o r m .  The 
e l i d e s  w ere  rem oved  w i th  a sm o o th , r a p i d  m ovem ent. A 
s h a r p  b la d e  was u s e d  to  o u t l i n e  th e  ed g e  o f  t h e  fo rm v a r  
f i lm  a .id  t h i s  w as f l o a t e d  o f f  o n to  d i s t i l l e d  w a t n r , 
C o p p er g r i d s  w ere  d r o p p e d  o n to  t h e  f o rm v a r  f i l m .  The 
f o n n v a r - c o a t e d  g r i d s  w ere  sc o o p e d  o u t  o f  t h e  w a t e r ,  
u s in g  a p i e c e  o f  w ir e  m esh  ta p e d  to  a  s l i d e  a n d  w ere  
c a r b o n - c o a t e d  a f t e r  d r y in g  and  f i n a l l y  s t o r e d  in  a 
d c s s i c a t o r .
8 .2  P r e p a r a c lo n  o f  c o l l o d i o n  g r i d s
The f i l m  w as c a s e  on  a  c l e a n  w a te r  s u r f a c e  by l e t t i n g  
f a l l  a  s i n g l e  d ro p  o f  2 p e r  c e n t  c o l l o d i o n  i n  am yl 
a c e t a t e .  The s o l u t i o n  s p r e a d s  a n d  th e  s o lv e n t  
e v a p o r a t e s , l e a v in g  a  f i l m  w h ic h  w as skim m ed o f f  to  
c l e a n  th e  v .-ater s u r f a c e .  A s e c o n d  s i m i l a r  f i l m  was 
th e n  c a s t  and  g r i d s  d r o p p e d  o n to  t h e  c o l l o d i o n  f i lm ,  
w h ic h  was th e n  c o l l e c t e d  by  th e  sam e m e th o d  a s  th e  
f o r m v a r - c o a t e d  g r i d s .
8 .3  L e a f - d ip  m ethod
T he l e a f - d i p  m e thod  i n  t h i s  s t u d y  w as b a s e d  on  B a l l  
( 1 9 7 1 ; 1 9 7 4 ) .  The g r i d  w as c lam p e d  i n  f o r c e p s  and  
lo a d e d  w i th  o n e  d ro p  o f  n e g a t i v e  s t a i n  a n d  a  f r e s h l y  
c u e  e d g e  o f  l e a f  r u n  th r o u g h  th e  d r o p  on  th e  g r i d  o v e r  
a  p e r i o d  o f  a b o u t  30 s e c o n d s . T he g r i d  w as d r a in e d  and 
a l lo w e d  to  d ry  b e f o r e  e x a m in a t io n  u n d e r  t h e  JEM I00S
8 .4  L e a f  s q u a s h  m e th od
T h is  m e thod  p r o v id e s  e x c e l l e n t  r e s u l t s  f o r  many h ig h -  
c o n c e n t r a t t i o n  v i r u s e s ,  b u t  l e a f  s q u a s h  p r e p a r a t i o n s  
c o n t a i n ,  a s  w e l l  a s  v i r u s ,  much c e l l  d e b r i s  ( S te p h e n , 
1 9 8 4 ) , i> , '^ a r e s  imm I n  s i z e  w ere  c u t  f ro m  a  l e a f  and  
m a c e ra te d  : -Irops o f  c o ld  0.5M PPB pH 7 .2  (A p p e n d ix
I I I ) .  t i v  '• w ere  p l a c e d  f a c e  down on th e  d ro p s  and  
l e f t  f o r  30 m in u te s  a n d  th e n  r i n s e d  i n  d i s t i l l e d  w a te r .  
The g r i d s  v ^ r e  t h e n  p la c e d  f a c e  down on d r o p s  o f  
n e g a t iv e  s e a . ' t f o r  3 m in u te s  a n d  th e n  r i n s e d  w i th  
d i s t i l l e d  w a i e r .  G r id s  w ere  b l o t t e d  d ry  a n d  v ie w ed  
unde'-- th e  e l e c t r o n  m ic r o s c o p e .
8 .5  P u r i f i e d  v i r u s  p r e p a r a t i o n
D rops o f  p u r i f i e d  v i r u s  w ere  p l a c e d  on  d e n t a l  w ax. 
F o rm v a r -c a rb o n  o r  c o l l o d i o n  c o a t e d  g r i d s  w e re  i n v e r t e d  
o n to  t h e s e ,  l e f t  f o r  30 m in u te s  a n d  th e n  r i n s e d  i n  a 
s t r e a m  o f  d i s t i l l e d  w a t e r .  G r id s  w ere  p l a c e d  o n to  
d ro p s  o f  n e g a t i v e  s t a i n s  iA p p e n d ix  IV) f o r  3 m i n u t e s , 
r i n s e d  i n  d i s t i l l e d  w a t e r , b l o t t e d  d r y  on  f i l t e r  p a p e r  
a n d  v ie w e d  u n d e r  t h e  JEM I0 0 S  TEM.
8 .6  T r a n s m is s io n  e l e c t r o n  m ic r o s c o p y
T he e x a m in a t io n  o f  b i o l o g i c a l  m a t e r i a l  i n  t h e  e l e c t r o n  
m ic r o s c o p e  n e c e s s i t a t e s  t h e  u s e  o f  s p e c i a l  p r e p a r a t i v e  
t e c h n i q u e s . T h e s e  te c h n iq u e s  h a v e  e n a b le d  t h e  s tu d y  o f  
v i r u s  i n  s i t u , t h e  p o s i t i o n  o f  v i r u s e s  i n  c e l l s  a n d  th e  
c h a n g e s  th e y  may c a u s e  i n  c e l l s .
The f o l lo w in g  w e re  t h e  s t e p s  u s e d  i n  t h e  p r e p a r a t i o n  o f  
m a t e r i a l  f o r  t r a n s m i s s i o n  e l e c t r o n  microscopy 
( P r o w i d e n t i  a n d  C obb, 1975) i
( 1 )  F i x a t i o n  -  2mm l e a f  s e c t i o n s  w e re  c u t  a n d  im m ersed  
i n  2 .5  p e r  c e n t  g l u t e r a l d e h y d e  s o l u t i o n  (A p p e n d ix
IV ) i n  s m a l l  b o t t l e s . T he m a t e r i a l  w as l e f t  to  
f i x  f o r  1 h o u r  on a  r o t o r  a n d  th e n  l e f t  i n  0.05M  
so d iu m  c o c o d y la t e  b u f f e r  o v e r n i g h t .  L e a f  m a t e r i a l  
w as p o s t - f i x e d  w i th  1 p e r  c e n t  osm ium  t e t r o x i d e  
f o r  1 h o u y , t h e n  r i n s e d  3 t im e s  w i th  b u f f e r  f o r  10
( 2 )  D e h y d r a f  .n -  The f i x e d  m a t e r i a l  w as d e h y d ra te d ,  
u s in g  th e  f o l l o w in g  e th a n o l  s e r i e s  f o r  15 m in u te s  
e a c h s  30 ;'<sr c e n t ,  50 p e r  c e n t ,  75 p e r  c e n t ,  90 
p e r  a a n ' a r-!  ^ w ice  100 p e r  c e n t .
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(3) I n f l l t r a c l o n  -  D e h y d r a te d  m a t e r i a l  w as p l a c e d  i n  a 
m ix tu r e  o f  P r o p y le n e  o x id e  a n d  E poxy r e s i n  
(A p p e n d ix  IV) a s  f o l l c w s :
P ro p y le n e  o x id e  -  20 minuCRS 
1 :1  P ro p y le n e  o x id e /E p o x y  r e s i n  - 30 m inutes 
1 :3  P r o p y le n e  o x id e /E p o x y  r e s i n  -  30 m in u te s  
P u re  Epoxy r e s i n  -  4 h o u r s .
16 ) E m bedding  -  One p i e c e  o f  m a t e r i a l  w as p l a c e d  in  
e a c h  p l a s t i c  b o a t  w h ic h  w as f i l l e d  w i t h  f r e s h  p u re  
Epoxy r o s i n  (A p p e n d ix  I V ) ,  S p e c im en s  w ere  
p o ly m e r is e d  f o r  48 h o u r s  a t  6 0 ’ C.
(5 )  S e c t io n in g  -  B lo ck *  w ere  s e c t i o n e d  on a  R e i c h e r t  
u J .tr a m ic ro c o re e  a n d  s e c t i o n s  o f  70 to  150nm w ere  
c o l l e c t e d  in  300 m esh  c o p p e r  g r i d s .  S e c t io n s  w ere  
s t a i n e d  w i th  1 p e r  c e n t  u r a n y l  a c e t a t e  a n d  le a d  
c i t r a t e  (A p p e n d ix  IV ) ( V e n a b le  a n d  G o g g le h a l l ,  
I 1) * 1?) . S e c t io n s  w e re  v ie w e d  u n d e r  Che JEM 100S
X .7 I n c l u s i o n  b o d ie s
The f o l lo w in g  p l a n t  v i r u s  i n c l u s i o n  te c h n iq u e s  w ere
u s e d  ( C h r i s t i e  a n d  E d w ard so n , 1 9 7 7 ; C h r i s t i e  and
E d w ard so n , 1986)
( a )  E p id e rm a l  a t r i p s  o f  i n f e c t e d  le a v e s  w ere  p la c e d  in  
5 p e r  c e n t  T r i t o n  X -100 f o r  5 t o  10 m in u te s  end 
th e n  i n  c a lc o m in e  o rn n g e /L u x o l  b r i l l i a n t :  g re e n
s t a i n  <2 d r o p  c a lc o m in e  o r a n g e ,  8 d ro p s  L u x o l 
b v i l l i a n r  g r e e n ,  1 d ro p  H jO) f o r  10 m in u t e s . The 
s t r i p s  w ere  r i n s e d  i n  95 p e r  c u n t  e th a n o l  and 
f i x e d  i n  a c e t a t e  f o r  1 m in u t e ,
z(b ) E p id e rm a l s t r i p s  w e re  p l a c e d  i n t o  A zu re  A s t a i n  (9
d ro p s  a z u r e  A , 1 d ro p  0 .2 m NagHPO^) f o r  10 m in u te s  
th e n  r i n s e d  tw ic e  w i th  e t h a n o l .  S t r i p s  w e re  th e n
m ounced in  e u p a r a l  a n d  v ie w e d  u n d e r  t h e  l i g h t
m ic r o s c o p e .
8 .8  Immtmo e l e c t r o n  m ic ro s c o p y  (IEM)
I-mnune e l e c t r o n  m ic r o s c o p y  (IBM) i s  t h e  te rm  g e n e r a l l y  
u s e d  t o r  te c h n iq u e s  t h a t  d e t e c t ,  by  e l e c t r o n  
microscopy, th e  s p e c i f i c  b in d in g  o f  a n t ib o d y  t o  a n t ig e n  
(M iln e  and  L u i s o n i ,  1977) .
P u r i f i e d  g u a r  v i r u s  v a r s . T X -79 -2741  a n d  ZDPS as
a n t i g e n  a n d  th e  f o l l o w in g  a n C is e ra z  
BCMV, EYMV, PVY, SMV a n d  SBMV 
•rfere u s e d  i n  f o u r  d i f f e r e n t  IEM te c h n i q u e s , The 
v a r io u s  p r o c e d u r e s  w ere  co m p ared  w i t h  c o n t r o l  g r i d r  
w h ere  h e a l t h y  p u r i f i e d  g u a r  sa p  w as em p lo y ed .
8 . 8 . 1  T he D e r r i c k  te c h n iq u e
( D e r r i c k ,  1 9 7 2 , 1 9 7 3 s , b f  B r l s n s k y  a n d  D e r r i c k ,  
1 9 7 4 , 19 7 9 j D e r r i c k  a n d  B r la n s k y ,  1 9 7 6 1 m o d if ie d  
b y  M iln e  a n d  L u i s o n i ,  1977)
T he a b o v e  a n t i s e r a  ( 8 .8 )  w ere  d i l u t e d  1 110 , 1:100 and  
1 ilOOO in  0.1M  p h o s p h a te  b u f f e r  pH 7 .0 .  2 j j l  o f  th e  
d i l u t e d  a n t i s e r a  w e ra  p l a c e d  on g r i d s  h e ld  i n  f o r c e p s  
and  t h e s e  w are  in c u b a te d  i n  a  h u m id  b o x  f o r  5 m in u te s  
a t  room t e m p e r a tu r e . T he g r i d s  w ere  th e n  w ash ed  w i th  
20 c o n s e c u t iv e  d ro p s  o f  b u f f e r  and  d r a i n e d , b u t  n o t  
d r i e d ,  and  d ro p s  o f  v i r u s  sa m p le  (2  t o  4 p l)  w ere  a d d e d . 
The d ro p s  w ere  i n c u b a te d  on  th e  g r i d s  f o r  15 m in u te s  a s  
a bove  a n d  th e  g r i d s  w ere  th a n  w ash e d  w i th  20 d ro p s  o f  
b u f f e r ,  30 d ro p s  o f  w a te r  a n d  5 d r o p s  o f  2 p e r  c e n t  
u r a n y l  a c e t a t e .  T he p r e p a r a t i o n s  w ere  th e n  d r a in e d  and
8 .8 .2  L e a f  d ip  s e r o lo g y  
( B a l l ,  1 9 7 1 , 1974)
A d ro p  o f  a n t i s e r u m  d i l u t e d  1:100 i n  0 .001M  ammonium 
a c e c a c e  w as p la c e d  on a g r i d  and a  f r e s h l y  c u t  e d g e  o f  
g u a r  i n f e c t e d  l e a f  w as h e ld  i n  th e  d ro p  f o r  a few 
s e c o n d s . T hen th e  d ro p  w as a i r - d r i e d  a n d  s t a i n e d  w ith  
? p e r  c e n t  PTA pH 6 .8  f o r  10 m i n u t e s .
8 . 8 . 3  D e c o r a t io n
In  t h i s  m e thod  i n t r o d u c e d  by  Y a n a g id a  a n d  A hm ad-Z adeh 
11970) and  u s e d  by  M iln e  a n d  L u i s o n i  (1 9 7 5 , 1 9 77 ) and  
M iln e  a n d  L esem ann ( 1 9 7 8 ) ,  v i r u s  i s  a d s o rb e d  o n to  
g r i d s ,  w ash e d  a n d  th e n  th e  a n t i s e r u m  i s  a d d e d . 
D e c o r a t io n ,  o r  t h e  c o v e r in g  o f  a n t i g e n i c  s i t e s  by  th e  
a n t ib o d y  m o le c u l e s , o c c u r s .
D rops o f  v i r u s  e x t r a c t  w ere  p u t  on a c a r b o n - f o r m v a r  
g r i d  f o r  10 s e c o n d s ,  r i n s e d  w i th  p h o s p h a te  b u f f e r  and 
in c u b a te d  f o r  15 m in u te s  a t  room  te m p e r a tu r e  w i th  d ro p s  
o f  a n t i s e r a  ( 3 .8 )  u s e d  d i r e c t l y  o r  d i l u t e d  1 :1 0  in  
p h o s p h a te  b u f f e r .  The g r i d s  w e re  th e n  r i n s e d  w ith  
w a t e r  a n d  n e g a t i v e l y  s t a i n e d  i n  2 p e r  c e n t  a q u eo u s  
u r a n y l  a c e t a t e .
(A n d e rso n  eZ_ al_. , 19 6 1 ; L a f f e r t y  a n d  O e c t e l i s ,  
1961)
The a n t i s e r a  ( 8 ,8 )  w ere  d i l u t e d  1 :1 0  and  1 :1 0 0  i n  0.1M 
p h o s p h a te  b u f f e r  pH 7, and  10^1 d ro p s  p la c e d  on a  g l a s s  
s l i d e .  The i n f e c t e d  g u a r  l e a f  sa m p le s  w e re  c r u s h e d  in  
th e  d ro p s  o f  a n t i s e r a  a n d  th e  s l i d e s  i n c u b a te d  in  a 
hum id b o x  f o r  15 m in u te s  a t  room  te m p e r a tu r e .  A g r i d  
h e ld  i n  f o r c e p s  was a l lo w e d  to  to u c h  th e  d ro p  a n d  th e n
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w ash ed  w i th  20 d r o p s  o f  p h o sp h a d e  b u f f e r ,  30 d r o p s  of 
d i s t i l l e d  w a te r  a n d  f i n a l l y  5 d r o p s  o f  2 p e r  c e n t  
u r a n y l  a c e t a t e ,  b e f o r e  d r a i n i n g  a n d  d r y in g .
I f  a  p u r i f i e d  v i r u s  s u s p e n s io n  w as u s e d ,  i t  w as m ixed  
w i th  th e  d i l u t e d  a n t i s e r a ,  i n c u b a te d  f o r  15 m in u te s  and 
th a n  p r o c e s s e d  a s  b e f o r e .
9 . SEROLOGY
Since P r e l im i n a r y  d o u b le  d i f f u s i o n  t e s t  (O u c h te r lo n y  
m e th o d ) a n d  R a d ia l  d i f f u s i o n  t e c h n iq u e  ( S la c k  and  
S h e p h e rd , 1975) u s in g  i n f e c t e d  g u a r  a n d  th e  d i f f e r e n t  
a n t i s e r a  ( 9 .1 )  w e re  u n s u c c e s s f u l ,  t h e  p r e s e n t  i n v e s t i g a ­
t i o n  c o n c e n t r a t e d  on d i f f e r e n t  ELISA p r o c e d u r e s  w h ic h  
g a v e  b e t t e r  r e s u l t s .
9 .1  A n t i s e r a
A n t i s e r s  t o  know n v i r u s e s  w e re  k i n d l y  d o n a te d  by  th e  
f o l l o w in g :
RCMV, BYMV, PVY, SMV. SBMV ( a d j u s t e d  t o  Im g /m l) b y  G 
P i e t e r s o n ,  R ie to n d a le  R e s e a r c h  C e n t r e  w ere  u s e d  in  
i n d i r e c t  ELISA t e s t s .
BCMV, (1 :4 0 9 6 )  BYMV, ( 1 :1 6 ,3 8 4 )  TRSV ( 1 :4 0 9 6 )  by  A R ru n t 
G la s s h o u s e  C ro p s  R e s e a r c h  I n s t i t u t e ,  E n g la n d , w e te  u se d  
in  PTA ELISA t e s t s .
9 . 2 G ri d  t i t r a t i o n
B e fo re  u s e  i n  r o u t i n e  ELISA t e s t i n g ,  th e  o p t im a l  
d i l u t i o n  f o r  e a c h  r e a g e n t  ( s a m p le , gamma g l o b u l i n  and
I
c o n ju g a te )  was d e te r m in e d  e x p e r i m e n t a l l y ,  u s in g  a  
c h e q u e r - b o a r d  t i t r a t i o n  ( V o l l e r  e t  al_. , 1 9 7 6 ) ;
Sam ple  c o n c e n t r a t i o n : 1 /1 0 ,  1 /2 0 ,  1 /4 0 ,  1 /8 0 ,  1 /1 6 0  
A n tis e ru m  c o n c e n t r a t i o n :  1 /5 0 0 ,  1 /1 0 0 0 , 1 /1 5 0 0 ,  1 /2 0 0 0  
C o n ju g a te  c o n c e n t r a t i o n :  1 /1 0 0 0 , 1 /2 0 0 0 , 1 /5 0 0 0 ,
1 /1 0  000
O p tim a l c o n c e n t r a t i o n  w as ta k e n  as t h e  lo w e s t  d i l u t i o n ,  
g i v in g  a  h ig h  a b s o r b a n c e  A405 v a lu e  f o r  i n f e c t e d  
samples a n d  a  low  v a lu e  f o r  h e a l t h y  c o n t r o l s .
9 .3  I n d i r e c t  ELISA m eth o d
T he i n d i r e c t  ELISA p r o c e d u r e  f o r  v i r u s  d e t e c t i o n  w as a s  
f o l l o w s :
1 . 2 0 0 p l  o f  p u r i f i e d  v i r u s  s u s p e n s io n  o r  c ru d e  
e x t r a c t  f ro m  i n f e c t e d  g u a r  l e a v e s  ( T a b le  4) 
i n f e c t e d  p ig e o n p e a  a n d  m e c h a n ic a l ly  i n f e c t e d  
i n d i c a t o r  p l a n t s  ( T a b le  6) w as d i l u t e d  1 :2 0  i n
0 .05M  so d iu m  c a r b o n a te  b u f f e r  pH 9 .6  ( c o a t in g  
b u f f e r )  (A p p e n d ix  V) a n d  a d d e d  t o  e a c h  w e l l  o f  a  
p o ly s t y r e n e  m i c r o t i t r a t i o n  p l a t e .  Sap e x t r a c t e d  
f ro m  h e a l t h y  l e a v e s  w as u s e d  a s  a  c o n t r o l .  
C o a t in g  b u f f e r  was a d d e d  t o  6 w e l l s  t o  a c t  a s  a 
b u f f e r  c o n t r o l .  P l a t e s  w ere  th o r o u g h ly  w ash ed  3 
t im e s  w i th  PBS-Tw een (A p p e n d ix  V) f o r  3 t o  5 
m i n u t e s , a f t e r  t h r e e  h o u r s  i n c u b a t i o n  a t  37°C .
2 . lO O pl o f  1 p e r  cent B o v in e  s e ru m  a lb u m in s  (BSA) 
was s u b s e q u e n t ly  a d d e d  a n d  in c u b a te d  f o r  1 h o u r  a t  
room  te m p e r a tu r e  b e f o r e  b e in g  r i n s e d  w i th  w ash in g
3 . 2 0 0 y l o f  P u r i f i e d  IgG  ( 9 .7 )  d r a g /m l)  d i l u t e d  
1 :1 5 0 0  i n  v i r u s  b u f f e r  (A p p e n d ix  V) w ere  a d d ed  to  
t h e  w e l l s .  The p l a t e s  w e re  in c u b a te d  o v e r n ig h t  a t  
4°C and  w ere  w ashed  a s  b e f o r e .
/4 . 2 0 0 til o f  A lk a l in e  p h o s p h a ta s e  l a b e l l e d  g o a t  
a n t i - r a b b i t  IgG ( I t ?  000, C o p p e r  B io m e d ic a l)  
d i l u t e d  1:1000 in v i r u s  b u f f e r  o r  A lk a l in e  
p h o s p h a ta s e  l a b e l l e d  P r o t e i n  A, w as a d d e d  to  t h e  
w e l l a . P l a t e s  w e re  i n c u b a te d  f o r  3 h o u r s  a t  3 7 eC 
and  w ere  w ashed  a s  b e f o r e .
5 .  200 fjl o f  p - n iC r o p h e n y l p h o s p h a te  s u b s t r a t e  i n  
D ie th a n o la m in e  b u f f e r  w as a d d e d  t o  e a c h  w e l l  and  
p l a t e s  w ere  i n c u b a te d  a t  room  te m p e r a tu r e  f o r  30 
m i n u t e s .
T h e  r e a c t i o n  w as s to p p e d  by  a d d i t i o n  of SO pl o f  3N NaOH 
s o l u t i o n .  T he p l a t e s  w e re  r e a d  a t  490nm w a v e le n g th  on 
an  ELISA p l a t e  r e a d e r .
9 . 4 F ( a b ' ) n ELISA m e th o d
The f o l lo w in g  s a m p le  p r e p a r a t i o n  w as f o l lo w e d  8g o f
l e a f  m a t e r i a l  w as m a c e r a te d  i n  10m l o f  0 .  f ■' -
b u f f e r e d  s a l i n e  (PBS) pH 7 . 4 ,  0 .0 5  p e r  c e i !’••• 2
p e r  c e n t  p o ly v in y l p y r r o l i d o n e  a n d  0 . 2  y*. c e n t
o v a lb u m in  ( e x t r a c t i o n  b u f f e r )  u s i n g  a n  u l e r a t u r r o x  
h o tn o g e n is e r . S a m p le s  w e re  c e n t r i f u g e d  a t  8 000 rpm  f o r  
5 m in u t e s ,  u s in g  a n  MSB H i S p in  21 c e n t r i f u g e  a n d  th e  
s u p e r n a t a n t  u s e d  i n  F ( a b ' ) g ELISA.
1 . 200)11 o f  s p e c i f i c  F ( a b ' ) 2 f r a g m e n ts  o f  BCMV, BYNV 
and  SBMV d i l u t e d  i n  0 .05M  c o a t i n g  b u f f e r  pH 9 .6  
was p l a c e d  i n  t h e  w e l l s  o f  a p o ly s t y r e n e  
m i c r o t i t r a t i o n  p l a t e  a n d  in c u b a te d  a t  4°C 
o v e r n ig h t .
2 .  U n a b so rb e d  F ( a b ' ) 2 f r a g m e n ts  w ere  rem o v e d  by 
f l o o d i n g  w e l l s  o n c e  w i th  PB S-Tw een and  im m e d ia te ly  




(F low  I n c . , C o n n .,  U .S .A , ) ,  f o l lo w e d  by  3 s o a k in g  
c y c l e s  o f  3 m in u te s  e a c h .
3 . 2 0 0 )jl sa m p le s  w ere  p l a c e d  in  e a c h  o f  two w e l l s  o f  
a p l a t e ,  a lo n g  w i th  s i m i l a r l y  p r e p a r e d  h e a l th y  
c o n t r o l  p l a n t  s a m p le s  a n d  0 .1  p e r  c e n t  f o r m a l in  
i n a c t i v a t e d  v i r u s - i n f e c t e d  s a p  a s  p o s i t i v e  
c o n t r o l s  a n d  in c u b a te d  4 h o u r s  a t  30°C .
4 . A f t e r  w a s h in g , a s  a b o v e , 2 0 0 p l o f  t h e  s p e c i f i c  
im m u n o g lo b u lin s  ( Im g /m l)  d i l u t e d  i n  e x t r a c t i o n  
b u f f e r  w as p l a c e d  i n  a l l  t h e  w e l l s  a n d  in c u b a te d  
a t  4°C o v e r n i g h t .
5 .  A f t e r  w a s h in g , ZOOpl a t  a  1 :5 0 0  d i l u t i o n  o f
g o a t - a n t i r a b b i t  Fc im m u n o g lo b u l in - a lk a l i n e  
p h o s p h a ta t e  c o n ju g a t e  (GAR-Fc c o n ju g a t e )  was 
p l a c e d  i n  e a c h  w e l l  a n d  in c u b a te d  4 h o u r s  a t  30°C .
6 . P l a c e s  w ere  Chen w ash e d  a n d  i n c u b a te d  w i th  2 0 0 p l
o f  a f r e s h l y  p r e p a r e d  I p g / lm l  p - n i t r o p h e n o l
p h o s p h a te  s u b s t r a t e  i n  10 p e r  c e n t  d ie th a n c la m in e  
pH 9 .8 ,  T he h y d r o ly s e d  enzym e s u b s t r a t e  
c o n c e n t r a t i o n  was d e te r m in e d  c o l o r i m e t r i c a l l y  
a f t e r  30 m in u te s  by m e a s u r in g  a b s o r b t i o n  a t  4 0 5nm, 
u s in g  a T i t e r t e k  m u l t ? s c a n  p h o to m e te r .
9 .5  P l a t e - t r a p p e d  a n t i g e n  CPTA) ELISA m ethod
(Mowat a n d  D aw son, 1987)
A s im p le  a n d  rapid procedure o f  enzym e-im m une a s s a y
(PTA-ELISA) was u s e d  in  a n  a t t e m p t  t o  d e t e c t  t h e  v i r u s
i n  g u a r .  V ir u s  a n t ig e n  in  c ru d e  l e a f  e x t r a c t s  a s  
a d s o rb e d  d i r e c t l y  t o  a  s o l i d  p h a s e ,  a l lo w e d  to  r e a c t  
w i th  u n f r a c t i o n a t e d  a n t i s e r u m  a n d  th e  a n t ig e n - a n t ib o d y
I
4com plex  d e t e c t e d  w ic h  a  c o n ju g a te  o f  P r o t e i n  A and  
enzym e.
2 ,  T e s t  sa m p le s  o f  h e a l t h y  a n d  i n f e c t e d  g u a r  ( T a b le
4) and  p ig e o n p e a  le a v e s  i n  c a r b o n a te  b u f f e r  ( 5 m l/g  
V sa f)  w ere  a d d e d  u n d i l u t e d  a n d  d i l u t e d  1 :1 0  to  
w e l l s  o f  m i c r o t i t r e  p l a t e s  a n d  i n c u b a te d  f o r  15 
m in u te s  a t  3 7 °C .
2 . A n t i s e r a  ( 9 ,1 )  d i l u t e d  I .-1000 w i t h  v i r u s  b u f f e r  
(A p p e n d ix  V) (PBS-TPO) w e re  i n c u b a te d  i n  t h e  w e l l s  
f o r  30 m in u te s  a t  37°C .
3 . P r o t e i n  A - a l k a l i n e  p h o s p h a ta s e  (ALP) c o n ju g a t e  i n  
v i r u s  b u f f e r  w as a d d e d  a n d  in c u b a te d  f o r  30 
m in u te s  a t  37°C .
4 . Enzyme s u b s t r a t e ,  p - n i t r o p h e n y l  p h o s p h a te  i n  10 
p e r  c e n t  d i e th a n o l a m i n e  a t  pH 9 .8  was a d d e d , 
P l a t e s  w ere  w ash ed  b e tw e e n  e a c h  s t a g e  w i th  
PB S-Tw een,
9 .6  D e t e c t io n  o f  v i r u s  i n  a p h id s  by  i n d i r e c t  ELISA
T he m ethod  o f  Tam ada a n d  H a r r i s o n  (1 9 8 1 )  w as u s e d .  
G ro u p s o f  20 a p h id s  w ere  f e d  on i n f e c t e d  g u a r  p l a n t s  
f o r  20 m i n u t e s , A p h id  e x t r a c t s  w e re  p r e p a r e d  by
g r i n d i n g  one  o r  m ore  i n d i v i d u a l s  i n  a  f i n a l  vo lu m e  o f  
0 . 25ml e x t r a c t i o n  f l u i d  (0 .05M  p h o s p h a te  b u f f e r  pH 7 .0 )  
i n  th e  p r e s e n c e  o f  c a rb o ru n d u m . A l l  a p h id  sa m p le s  w ere  
k e p t  i n  - 7 0 eC b e f o r e  g r in d in g  a n d  e x t r a c t s  w ere  
I n c u b a te d  a t  37°C for 1 h o u r , t h e n  c e n t r i f u g e d  f o r  10 
m in u te s  a t  8000 r e v /m in  b e f o r e  t r a n s f e r r i n g  th e  
s u p e r n a t a n t  f l u i d s  t o  w e l l s  i n  m i c r o t i t r e  p l a t e s . The 
i n d i r e c t  ELISA m e th o d  w as th e n  p e rfo rm e d .
i/
V:
9 .7  P u r i f i c a t i o n  o f  im m u n o g lo b u lin  G
A h ig h ly  p u r i f i e d  p r e p a r a t i o n  o f  IgG  w as u s e d  in  th e  
i n d i r e c t  ELISAS.
A s im p le  a n d  c o n v e n ie n t  m e th o d  f o r  s e ru m  f r a c t i o n a t i o n  
i s  P r o t e i n  A -S e p h a ro se  a f f i n i t y  c h ro m a to g r a p h y  ( M i l l e r  
a n d  S to n e ,  1 9 7 8 ) .
P r o t e i n  A i s o l a t e d  fro m  th e  Cowan s t r a i n  o f  
S t a p h y lo c o c c u s  a u re u s  b in d s  s p e c i f i c a l l y  t o  t h e  Fc 
r e g io n  o f  Ig G . A v e r y  p u r e  p r e p a r a t i o n  o f  IgG c a n  be 
o b ta in e d  fro m  w h o le  s e r a  u s in g  a f f i n i t y  c h ro m a to g ra p h y  
on a p r o t e i n  A -S e p h a ro s e  CL-4B c o lu m n .
l - 2 m l  o f  c ru d e  a n t i s e r a  BCMV, BYMV, PVY, SBMV a n d  SMV 
a n d  th e n  e q u a l  vo lu m e  o f  b u f f e r  A w ere  p a s s e d  th r o u g h
0 .5  in c h  g l a s s  w o o l i n  P a s t e u r  p i p e t t e  (A p p e n d ix  V ).
T he a n t i s e r u m - b u f f e r  m ix t u r e  w as lo a d e d  i n t o  th e
c o lu m n . The co lum n  w as w ashed  w i th  5 t o  10 v o lu m e s  o f  
b u f f e r  A and  th e  f lo w  r a t e  a d j u s t e d  t o  o n e  d ro p  p e r  15 
s e c o n d s . 3ml sa m p le s  w ere  c o l l e c t e d  a n d  a b s o rb a n c e  was 
r e a d  u n t i l  i t  d ro p s  o f f  n e a r  z e r o .  T he IgG  f r a c t i o n  was 
e l u t e d  o f f  t h e  co lum n  w i th  b u f f e r  B (A p p e n d ix  V) and  
f lo w  r a t e  was a d j u s t e d  t o  o n e  d r o p  p e r  7 s e c o n d s .  3ml 
s a m p le s  w ere  c o l l e c t e d  and  a b s o rb a n c e  w as c h e c k e d  u n t i l
T he h ig h  r e a d in g s  w ere  c o l l e c t e d ,  p o o le d  a n d  d i a l i s e d  
a g a i n s t  d o u b le  d i s t i l l e d  HgO a t  V C  f o r  1 h o u r ,  t h e n  in  
PEG 6000 to  c o n c e n t r a t e  t h e  Ig G . When c o n c e n t r a t e d  :o 
d e s i r e d  vo lum e  (1 t o  2m l) t h e  a n t ib o d y  s o l u t i o n  was
d ia ly s e d  a g a i n s t  PBS o v e r n ig h t .  P r o t e i n  c o n c e n t r a t i o n  
was a d ju s t e d  to  1 m g /m l, w h ere  a t  OO280 -  1 . 4 ,  IgG  = 1
49 ,5  Im m tm o -e lec E ro b lp C  tIKB)
E n a y r o e -a s s is t e d  im m u n o e le c t r o b l o t t i n g  (IE B ) e n t a i l s  
SDS-PAGE o f  v i r u s  o r  sa p  p r e p a r a t i o n ,  e l e c t r o p h o r e C ic  
t r a n s f e r  o f  th e  r e s o l v e d  p o ly p e p t id e s  t o  a 
n i t r o c e l l u l o s e  m em brane e n d  p r o b in g  th e  m em brane w i th  
a n t i v i r u s  se ru m  (T pw bin  e t  a l . , 1 9 7 9 ; R y b ic k i  a n d  Von 
W ecbmar, 1982) P a p p a s  e t  a l .  , 198 3 ; Bode e t  a l , , 1 9 8 4 ) .  
T he te c h n iq u e  a l lo w s  c h a r a c t e r i s a t i o n  o f  a n t i g e n ,  b o th  
by t h e i r  m o le c u l a r  w e ig h ts  a n d  by  t h e i r  a n t i g e n i c  
r e a c t i v i t y . B e c a u se  a n t ig e n  d e t e c t i o n  i s  b y  an 
i n d i r e c t  enzym e immune r e a c t i o n ,  d i s t a n t  s e r o l o g i c a l  
r e l a t i o n s h i p s  can b e  d e t e c t e d .
I n  t h i s  s tu d y  th e  W e s te rn  b l o t  m e th o d  o f  H ib i  a n d  S a i to  
(1 9 8 5 )  w as u s e d ;
N i t r o c e l l u l o s e  b l o t s  w ere  so a k e d  in  1 p e r  c e n t  B o v in e  
s e ru m  a lb u m in  (BSA) in  PBS b u f f e r  pH 7 .4  (A p p e n d ix  V) 
f o r  60 m : l u t e s  a t  37°C  w i th  s h a k in g .  A f t e r  w a sh in g  4 x 
5 m in u te s  i n  PB S-T w een , b l o t s  w ere  i n c u b a te d  on  a 
s h a k e r  w i th  t h e  a n t t s e r a  BCMV, BYMV, PVY, SMV a n d  SBMV 
( d i l u t e d  1 :2 0 0  in  PBS) f o r  3 h o u r s  a t  37°C . A f t e r  
w a sh in g  4 x 5  m in u te s  i n  PB S-Tw een a n d  1 x 5  m in u te s  in  
AB b u f f e t  (A p p e n d ix  V) , S A R -a lk a l in e  p h o s p h a ta s e  
d i lu t . e d  1 12000 i n  AB b u f f e t  was a d d e d  and  b l o t s  w ere  
in c u b a te d  f o r  2 h o u r s ,  on  a s h a k e r  a t  room  te m p e r a tu r e ,  
a g a in  w ashed  3 x 1 5  m in u te s  i n  AB b u f f e r  a n d  2 x  20 
m in u te s  i n  AP B u f f e r  (A p p e n d ix  V ) . T hen  th e  s u b s t r a t e  
NBT + BCIP (A p p e n d ix  V) w as a d d e d , a n d  b l o t s  w ere  
i n c u b a te d  i n  th e  d a rk  u n t i l  b a n d s  a p p e a r .  B l o t s  w ere  
w ashed  i n  lOmM T ris-Sm M  KDTA pH 7 .5  and  d r i e d  a t  80°C 
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10 . PC* YACRYLAMIDE GEL ELECTROPHORESIS (PAGE)
1 0 . 1 10 p e r  c e n t  g e l
10 p e r  c e n c  g e l s  w ere  p r e p a r e d  a c c o r d in g  to  t h e  m e th o d  
t n  A p p en d ix  V I . S am p les w e re  p r e p a r e d  by  m ix in g  
s e m i - p u r i f i e d  v i r a l  p r e p a r a t i o n s  fro m  i n f e c t e d  le a v e s  
w i th  s p l i t t i n g  s o l u t i o n  i n  a  r a t i o  1 :1  a n d  h e a t i n g  t h i s  
i n  a  b o i l i n g  w a t e r  b o th  f o r  5  m in u t e s .  IC ji l  sa m p le s  
w ere  lo a d e d  o n to  t h e  g e l  a n d  lO ji l  o f  m o le c u l a r  w e ig h t  
m a rk e r s  ( P h a r m a c ia ) , i n  o r d e r  do d e te r m in e  th e  
m o le c u la r  w e ig h t  o f  t h e  m ig r a t e d  p r o t e i n s .  H e a lth y  
l e a f  e x t r a c t s  w ere  r u n  i’ s c o n t r o l s .  The g e l  was 
e l e c t r 'p h o r e s e d  a t  30mA f o r  3 h o u r s  o r  w hen th e  
b r o m o -p h e n o l b lu e  b a n d  r e a c h e d  t h e  b o tto m  o f  t h e  g e l .  
The g e l s  w ere  s t a i n e t ’. i n  c o m a s s ie  b lu e  o r  s i l v e r  s t a i n  
(A p p e n d ix  V I) (W ray ej: a l_ . , 1 9 8 1 ) .  A f t e r  d e s t a i n i n g ,  
g e l s  w ere  s c a n n e d  on an  LKB 2202 u l t r a s c a n  l a s e r  
d e n s i to m e te r  a n d  th e  m o le c u l a r  w e ig h t  o f  t h e  p r o t e i n s  
d e te r m in e d .
1 0 .2  G r a d ie n t  g e l
Same p r o c e d u re  a s  t h e  10 p e r  c e n t  g e l  w as u s e d  b u t  a 
g r a d i e n t  g e l  fro m  5 p e r  c e n t  t o  15 p e r  c e n t  was 




1 . IDENTIFICATION OF BACTERIA
The m ic h o d s  f o r  i d e n t i f i c a t i o n  o f  b a c t e r i a  a r e  d e p ic t e d  
i n  t h e  d ia g ra m  ( F ig .  1 0 ) . '
1 .1  G row th  on common b a c t e r i o l o g i c a l  m e d ia
G row th  on n u t r i e n t  a g a r  was o b s e r v e d .  C o lo n ie s  w ere  
w h i t e .  O n ly  one  ty p e  a n d  c o lo u r  o f  c o l o n i e s  w as fo u n d .
1 .2  Gram s t a i n
T he b a c t e r i a  i s o l a t e d  ( 1 .1 )  w ere  f o u n d  to  b e  grain 
n e g a t i v e , S in c e  C o r v n e b a c te r lu m  ( F ig .  1 0 ) i s  gram  
p o s i t i v e ,  t h e  b a c t e r i a  w ere  s u s p e c t e d  t o  b e  e i t h e r  
E r w in ia ,  X an th o m o n as . P seudom onas o r  A g ro b a c t e r iu m .
1 .3  C o lo n ie s  on YOC q g a r
W h ite  c o l o n i e s  w ere  o b s e rv e d  on  YDC a g a r .  S in c e  
E r w in ia  a n d  X an thom onas p r o d u c e  y e l lo w  c o lo n ie s  ( F ig .  
1 0 ) th e  b a c t e r i a  w ere  s u s p e c t e d  to  b e  e i t h e r  
P seu d o m o n a s . E r w in ia  o r  A g ro b a c t e r iu m .
1 .4  F l u o r e s c e n t  o lg m e n t on KB a g a r
A f l u o r e s c e n t  p ig m e n t was fo u n d  i n  c o lo n ie s  grow n on KB 
a g a r .  A c c o rd in g  to  F ig u re  10 p o s i t i v e  r e s u l t  f o r  
f l u o r e s c e n c e  i n d i c a t e s  t h a t  t h e  b a c te r iu m  was 
P seu d o m o n a s .
Pseudom ona s  c a u s e s  n u m e ro u s  p l a n t  d i s e a s e s  w i th  d iv e r s e  
sym p tom s, i n c lu d in g  v a s c u l a r  w i l t s ,  s te m  c a n k e r s ,  s o f t  
r o t s ,  b lo s so m  a n d  tw ig  b l i g h t s ,  l e a f  s p o t s ,  tu m o rs  o r  
g a l l s  (S c h a a d , 1 9 8 0 ) . H ow ever, t h e s e  sym ptom s w ere  n o t  
o b s e rv e d  on i n f e c t e d  g u a r  p l a n t s ,  so  i t  w as c o n c lu d e d  
t h a t  t h i s  > '- c te r iu m  w as r e s i d e n t ,  b u t  n o t  t h e  c a u s a l  
a g e n t  o f  t h e  d i s e a s e .
2 .  INDICATOR PLANT STUDIES
2 .1  M e c h a n ic a l i n o c u l a t i o n
R e s u l t s  a r e  p r e s e n t e d  i n  T a b le  7 .  M e c h a n ic a l 
in o c u l a t i o n ,  u s in g  i n f e c t e d  l e a f  e x t r a c t s  ( C h a p te r  2 , 
1 .2 )  o f  T X -79 -2761  o r  ZDPS v a r i e t i e s  on i n d i c a t o r  
p l a n t s ,  g a v e  d i f f e r e n t  symptoms f ro m  th e  v i r u s  n a t u r a l  
g u a r  h o s t .  No sym ptom s w ere  o b s e rv e d  on g u a r  p l a n t s  
i n o c u l a t e d  m e c h a n ic a l ly  w i th  i n f e c t e d  g u a r  s a p .
The m o s t common sym ptom s a t  25*C a n d  3 0 eC w ere  
c h a r a c t e r i s e d  by s m a l l  n e c r o t i c  r e d  l e s i o n s ,  a p p e a r in g  
5 d a y s  a f t e r  i n o c u l a t i o n  f o l lo w e d  by  r e d  v e in s  and  
c h l o r o s i s  ( P ig .  1 7 ) .  A f t e r  14 d a y s  v i r u s  sym ptom s w ere  
m oa t s e v e r e .  T he sym ptom s w ere  so m e tim es  s y s te m ic  
(o b s e r v e d  on  th e  f i r s t  tw o le a v e s  i n o c u l a t e d  and  th e n  
s p r e a d  to  new  le a v e s )  i n  t h e  f o l lo w in g :
P h a s e o lu s  v u l g a r i s  v a r s .  W in te r g r e e n  ( F ig .  1 8 ) ,  
S e m in o le  ( F ig .  2 1 ) ,  A bundance  ( F ig .  2 6 ) ,  Top c ro p  ( F ig .  
13) and  G o ld en  pod d ed  wax ( F ig .  2 2 ) .  O nly  on P . 
v u l g a r i s  v a r s .  Nap 2 ( F ig .  11) and  C o n te n d e r  ( F ig s .  16 
and 17) d id  th e  r e a c t i o n  a p p e a r  a t  3Q°C a n d  was 
r e s t r i c t e d  to  in o c u la t e d  l e a v e s .  T h is  may i n d i c a t e  i n  
t h e s e  p l a n t s  th e  p r e s e n c e  o f  a h y p e r s e n s i t i v e  r e a c t i o n .  
L e a f  c u r l i n g  and m a l f o rm a t io n  symptoms w ere  o b s e rv e d  in  
P h a s e o lu s  v u l g a r i s  v a r s .  P r in c e  ( F ig .  1 4 ) ,  D ouble
/
4
w h ite  s e t t l o r  ( F if i .  1 5 ) ,  N dCal r o u n d  y e l lo w  s u g a r  ( F ig .  
? 4 ) ,  B lu e  p c f p r  ( F ig .  25 ) a s  w e l l  a s  A m anda, B o u n t i f u l  
and  L azy  h o u s e w i f e .
M ost o£ th e  sym ptom s a p p e a re d  a t  30°C i n  a g ro w th  
c a b in e t  w i th  c o n s t a n t  h u m id i ty  (70  p e r  c e n t )  a n d  l i g h e  
(1500  lu x )  c o n d i t i o n s .
Many p L in e s  ( T a b le  7 ) ,  w h ic h  d e v e lo p e d  sym ptom s a t  
jO ’ C , d id  n o t  show  a n y  sym ptom s a t  2 5 ’ C . Symptoms w ere  
n o t  p r o d u c e d  in  o c h e r  i n d i c a t o r  p l a n t s ,  e x c e p t  
'■ 'U na u n n v i lc u la ta  a n d  h v c o p e rs ic u m  e s c u le n tu r o . i . e .  
i-ymptoms w ere  m a in ly  r e s t r i c t e d  t o  v a r i e t i e s  o f  th e  
w n e r n  P h a s o o lu s . T h e r e f o r e ,  h o s t  r a n g e  s t u d i e s  
i n d i c a t e d  t h a t  t h e  g u a r  v i r u s  may p o s s i b l y  b e  
r e s t r i c t e d  to  v i r u s e s  c h .i t  i n f e c t  t h e  b e a n  f a m i ly .
T a b le  7 ■. Sym ptoms on  I n d i c a t o r  p l a n t s  p r o d u c e d  by  
m e c h a n ic a l  i n o c u l a t i o n
I n d i c a t o r  h o s t Sym ptoms p r o d u c e d  by  m e c h a n ic a l  
i n o c u l a t i o n
P h a s e o lu s  v u l g a r i s
v a r . M onroe No sym ptom s Red v e in  S c h l o r o s i s
v a r .  Amanda Leal? c u r l i n g No symptoms
H y p e r s e n s i t i v e  
r e a c t i o n  o f  r e d  
v e in  & c h l o r o s i s , 
l e a f  c u r l i n g  and
No symptoms
v a r .  P e ru  0251 No sym ptom s No symptoms
/
■ t
I n d i c a t o r  h o s t Sym ptoms p r o d u c e d  by  m e c h a n ic a l  
i n o c u l a t i o n
P h a s e o lu s  v u l e a v i s
v a r ,  S a n i la c No symptoms No sym ptom s
v a r .  D ia c o l  c a l im a No sym ptom s Red v e i n  & c h l o r o s i s
v a r .  Top c ro p S y s te m ic  r e d  v e in  
& c h l o r o s i s
No symptoms
« r . L e a f  c u r l i n g Ho sym ptom s
v a r .  Bountiful L e a f  c u r l i n g Red v e in  & c h l o r o s i s
v a r .  D o u b le  w h ite L e a f  c u r l i n g  & No sym ptom s
s e e d e r m a lf o rm a te d  le a v e s
No sym ptom s No symptoms
v a r .  C o n te n d e r H y p e r s e n s i t i v e  
r e a c t i o n  o f  r e d  
v e i n  S c h l o r o s i s
No symptoms
v a r .  W in te rg ro e n S y s te m ic  r e d  v e in  
& c h l o r o s i s .
P o d s w i th  r e d
No symptoms
v a r . S e m in o le S y s te m ic  r e d  v e in  
& c h l o r o s i s
t’.ed v e in  & c h l o r o s i s
v a t .  G o ld en  podded S y s te m ic  r e d  v e in Red v e in  S c h l o r o s i s
& c h l o r o s i s
/
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I n d i c a c o r  h o s t Sym ptoms p r o d u c e d  by  m e c h a n ic a l  
i n o c u l a t i o n
P h a s e o lu s  v u l g a r i s  ( 
v a r .  C a n a d ia n  w onder No sym ptom s No sym ptom s
v a r .  L azy  h o u s e w ife L e a f  c u r l i n g No sym ptom s
v a r .  G en u in e  
c o r n f i e l d
Red v e in  4 
c h l o r o s i s
No sym ptom s
v a r . N a t a l  ro u n d  
y e l lo w  s u g a r
L e a f  c u r l i n g  5 
y e l lo w in g
No sym ptom s
P h a s e o lu s  s o . 
(R u n n e r  b e a n s )  
v a r , B lu e  p e t e r L e a f  c u r l i n g  & 
m o sa ic
No sym ptom s
v a r , E v e r y b e a r in g No sym ptom s No symptoms
v a r .  A bundance S y s te m ic  r e d  v e in  
& c h l o r o s i s , l e a f  
c u r l i n g ,  s t e r i l i t y ,
No sym ptom s
P h a s e o lu s  s o . 
(B ro ad  b e a n s )  
A q u ad u lce No symptoms No symptoms
ChenoDodium a u ln o s No symptoms No symptoms
Chenopodium
a m a r a n c ic o lo r  No sym ptom s No symptoms
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Indicator h o se ns p r o d u c e d  by m e c h a n ic a l  
i n o c u l a t i o n
P isum  sa t iv u m No sym ptom s No symptoms
G lv c in e  max No sym ptom s No sym ptom s
V ic n a  u n e u ic u l a t a No sym ptom s R ed l o c a l  l e s i o n s
N ic o c ia n a
c l e v e l a n d i i
No sym ptom s No sym po..--,
a lu c in o s a
No sym ptom s No symptoms
S i c o t i a n a
trabaeum
No sym ptom s No sym ptom s
L v co D e rslcu m
e s c u le n tu m
M a lf o rm a tio n
b l i s t e r s
& No symptoms
s crom onium
No sym ptom s No symptoms
P e c u n ia  h v b r id a No sym ptom s No symptoms
Vida  f a b a No sym ptom s No symptoms
L u p in u s  a lb u s  No sym ptom s No sym ptom s
F issu re  11 s P h a a e o lu s  v u l g a r i s  v a r . Nep 2 e x h i b i t s  a 
h y p e r a e n s l c iv e  r a c t i o n  o f  r e d  v e in s  (RV) and  
c h l o r o s i s  (CHL) l e a f  c u r l i n g  (LC) a n d  d e a th  
f o l lo w in g  m e c h a n ic a l  i n o c u l a t i o n  a t  30°C
F i g u r e  12 (<i & b) P . v u l g a r i s  v a r .  Top c ro p  e x h i b i t s  
symptoms o f  n e c r o t i c  l e s i o n s  (N L ), r e d  
v e in s  (RV) a n d  c h l o r o s i s  (CHL) f o l lo w in g  
m e c h a n ic a l  i n o c u l a t i o n  a '; 30°C .
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F i g u r e  13 : SysC em ic  i n f e c t i o n  on  P . v u l g a r i s  v a r .  Top c ro p .
New l e a v e s  w i th  r e d  v e in s  (RV) a n d  c h l o r o s i s  




? .  v u l g a r i s  v a r .  P r in c e  e x h i b i t s  sym ptom s o f  
l e a f  c u r l i n g  (LC) a n d  e p i n a s t y  f o l lo w in g  
m e c h a n ic a l  i n o c u l a t i o n  a t  3 0 eC
m fllfo rm a ted  
in o c u l a t i o n  e
r .  D o u b le  w h ite  s e t t l e r  e x h i b i t s  
e a f  c u r l i n g  (LC) e p in a s t y  and 
le a v e s  f o l lo w in g  m e c h a n ic a l
F ig u re  16 : P . v u l g a r i s  v a r .  C o n te n d e r  e x h i b i t s
h y p e r s e n s i t i v e  r e a c t i o n  o f  r e d  v e in s  (RV) 
week a f t e r  m e c h a n ic a l  i n o c u l a t i o n  a t  30°C
P . v u l g a r i s  v a t .  C o n te n d e r  e x h i b i t s  a
h y p e r s e n s i t i v e  r e a c t i o n  o f  r e d  v e in s  (RV) and  
c h l o r o s i s  (CHL> tw o w eeks a f t e r  m e c h a n ic a l  
i n o c u l a t i o n  a t  3G“C
- .Li’arif; v , i - ,  W in tt? rg r se n  e x h i b i t s  symp- 
o f  r e d  v e in s  (RV) a n d  c h l o r o s i s  
i on new le a v e s  ( s y s te m ic  i n f e c t i o n )
: ow ing  m e c h a n ic a l  i n o c u la c io n  a c  30°C
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F ig u re  1 9 1 P , v u l g a r i s  v a r . W ln ce cg ree ti e x h i b i t s  sympComs 
o f  r e d  v e in s  fRV) a n d  c h l o r o s i s  (GHL) f o l lo w in g  
m e c h a n ic a l  in o e u la c io n  a t  3 0 CC
F ig u re  2 0 : P . v u l g a r i s  v a t .  W in te r g r e e n  e x h i b i t s  m a lfo rm e d
port w i th  r e d  l e s i o n s  (RL) f o l lo w in g  m e c h a n ic a l 
i r v a l a t i o n  a t  30 °C
F ig u re  21 : P . v u l g a r i s  v a r .  S e m in o le  e x h i b i t s  s y s te m ic  r e d
v e in s  (RV) a n d  c h l o r o s i s  (CHL) sym ptom s on  nev 
le a v e s  f o l lo w in g  m e c h a n ic a l  i n o c u l a t i o n  a t  30°C
F ig u re  2 2 ; P . v u l g a r i s  v a r .  G o ld en  p o dded  wax e x h i b i t s
(a )  S y s te m ic  r e d  v e in s  (RV) a n d  c h l o r o s i s  (CRD 
f o l lo w in g  m e c h a n ic a l  i n o c u l a t i o n  a t  3 0 “C
(b ) Sym ptoms o f  m a l f o rm a t io n  and  b l i s t e r s  (BL) 
on  new le a v e s  f o l lo w in g  m e c h a n ic a l  i n o c u l a ­
t i o n  a t  30°C
F i g u r e  2 3 : P . v u l g a r i s  v a r .  G en u in e  c o r n f i e l d  e x h i b i t s
sym ptom s o f  r e d  v e in s  (RV) a n d  c h l o r o s i s  (CHL) 
f o l lo w in g  m e c h a n ic a l  i n o c u l a t i o n  a t  3 0 ’ C
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F i g u r e  24 ( a  & b ) :  P . v u l g a r i s  v a r . N a t a l  r o u n d  y e l lo w  s u g a r  
e x h i b i t s  sym ptom s o f  l e a f  c u r l i n g  (LC) 
e p i n a s t y  a n d  y e l lo w in g  f o l lo w in g  
m e c h a n ic a l  i n o c u l a t i o n  a t  30°G
F ig u re  25 : P h a s e o lu s  s p , (R u n n e r b e a n s )  v a r .  B lu e  p e t e r
e x h i b i t s  sym ptom s o f  l e a f  c u r l i n g  (L C ), b l i s t e r s  
(BL) and  c h l o r o s i s  (CHL) f o l lo w in g  m e c h a n ic a l  
i n o c u l a t i o n  a t  30°C
I
d a n c e  e x h i b i t s  s y s te m ic  symptoms 
v e in s  (RV) a n d  c h l o r o s i s  (CHL) 
le a v e s  f o l lo w in g  d e a th  a f t e r  me 
in o c u l a t i o n  a t  30*C
F ig u re  21 L y co p e rs lcu ro  e s c u le n tu m  e x h i b i t s  sym ptom s o f  
m a lf o rm a tio n  and  b l i s t e r s  (BL) f o l lo w in g  
m e c h a n ic a l  i n o c u l a t i o n  a t  30°C
F ig u re  2 8 ; P . v u l g a r i s  v a r .  M onroe e x h i b i t s  sym ptom s o f  r e d  
v e in s  (RV) a n d  c h l o r o s i s  (CHL) f o l lo w in g  
m e c h a n ic a l  i n o c u l a t i o n  a t  2 5 DC. Some s e n e s c e n t  
l e a v e s  w ere  a l s o  o b s e rv e d
F ig u re  29 : P . v u l g a r i s  v a r .  D ia c o l  c a l im a  e x h i b i t s
sym ptom s o f  r e d  v e in s  (RV) and  c h l o r o s i s  CGHL) 
f o l lo w in g  m e c h a n ic a l  i n o c u l a t i o n  a t  2 5 “C
$ F ig u re  3 0 i P , v u l g a r i s  v a r .
r e d  v e in s  (RV)
B o u n t i f u l  e x h i b i t s  symptoms o f  
and  c h l o r o s i s  (CHL) f o l lo w in g
a l  i n o c u l a t i o n  a t  2!i°C
Sem in o l e x h i b i t
red v e in s  (RV) and  c h l o r o s i s  (CHL) f o l lo w in g  
i s c h n n ic a l  i n o c u l a t i o n  a t  25°C
pF ig u re  3 2 i P . - v u lg a r i s  v a r . G o ld en  pod d ed  wax e x h i b i t s  
sym ptom s o f  r e d  v e in s  (RV) and  c h l o r o s i s  (CHI.) 
f o l lo w in g  m e c h a n ic a l  i n o c u l a t i o n  a t  25°C
4
F i g u r e  33 ( a  B b ) : V ig n a  u n e u ic u l a c a  e x h i b i t s  symptoms 
re d  l o c a l  l e s i o n s  (LL) and  c h lo ro i  
(GHL) f o l lo w in g  m e c h a n ic a l  i n o c u l a t i o n
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2 .2  T r a n s m is s io n  by  a p h id s
R e s u l t s  a r e  p r e s e n te d  i n  T a b le  S . A p h id  s t u d i e s  w ere  
p e rfo rm e d  i n  a p e r s i s t e n t  and  a n o n - p e r s i s t e n t  m anner 
( C h a p te r  2 , 4 . 3 ) .  I n d i c a t o r  p l a n t s  ( T a b le  8 ) i n f e c t e d  w ith  
th e  p e r s i s t e n t  way o f  t r a n s m is s io n  show  no sym ptom s, e x c e p t  
r o l l i n g  a n d  s m a l l  b l i s t e r s  w h ic h  a p p e a r  a l s o  on c o n t r o l  
p l a n t s  t e s t e d  w i th  v i r u s - f r e e  a p h i d s . T h es e  sym ptom s w ere  
due  t o  f e e d in g  o f  t h e  v e c t o r .
Symptoms o f  m a lf o rm a tio n  o f  le a v e s  and  m o sa ic  w ere  
p r o d u c e d  on th e  f o l lo w in g  i n d i c a t o r  p l m t s , u s in g  th e  
n o n - p e r s i s t e n t  way o f  t r a n s m is s io n :  P h a s e o lu s  v u l g a r i s
v a r s . B o u n t i f u l  ( F ig .  3 5 ) ,  D oub le  w h i te  s e t t l e r  ( F ig .  3 6 ) ,  
P r in c e  ( F ig .  3 7 ) ,  Top c ro p  ( F ig .  3 8 )  a n d  G ly c in e  max ( F ig .  
34) .
No sym ptom s w ere  o b s e rv e d  on g u a r  p l a n t s  u s in g  a p h id  
t r a n s m is s io n  fro m  i n f e c t e d  g u a r  p l a n t s .
B e ca u se  i t  w as to o  d i f f i c u l t  t o  m a in t a in  a p h id  c u l t u r e s , 
m e c h a n ic a l  i n o c u l a t i o n  w as p r e f e r r e d  f o r  v i r u s  t r a n s m is s io n  
d u r in g  th e  r e s e a r c h .
/
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T a b le  8 : Sy:, *-oms c>n i n d i c a t o r  o l a n t s p r o d u c e d  bv  a p h id
tra n m :: ' i s j
I n d i c a t o r  h o s t Sym ptoms p r o d u c e d  by  a p h id - t r a n s m is s io n  
P e r s i s t e n t  N o n - p e r s i s t e n t
G lv c in e  max No synytoms L e a f  m a lf o rm a tio n  
b l i s t e r s  and  m o sa ic
P h a s e o lu s  v u l g a r i s  
v a r .  B o u n t i f u l
No sym ptom s L e a f  m a lf o rm a tio n  
a n d  m o sa ic
P h a s e o lu s  v u l e a r i s  
v a r . D ouble  w h ite
No symptoms L e a f  m a lf o rm a tio n  
a n d  m o sa ic
P h a s e o lu s  v u l e a r i s No symptoms L e a f  m a lf o rm a tio n  
a n d  m o sa ic , w h ite  
n e c r o t i c  l e s i o n s .
P h a s e o lu s  v u l e a r i s  
v a r .  Top c ro p
No sym ptom s L e a f  m a lf o rm a tio n  
a n d  m o sa ic
ti.p n o o o d iu m  a u in o a No symptoms No symptoms
C h e n o co d iu r
a m a r a n t ic o lo t
No symptoms No symptoms
Pisum  sa t iv u m  
v a r .  G re e n f e y s t
No symptoms '.'■o symptoms
N ic o t ia n a  e l u t i n o s a No sym ptom s No symptoms
N ic o t ia n a  tabacum  
v a r .  Samsun
No symptoms No symptoms
N ic o t ia n a
c l e v e l a n d l i
No symptoms No symptoms
F ig u re  3 4 : G ly o ln e  max e x h i b i t s  symptoms o f  m a lfo rm a ­
t i o n ,  b l i s t e r s  (BL) a n d  m o sa ic  (M) f o l lo w ­
in g  n o n - p e r s i s t e n t  a p h id  t r a n s m is s io n
t g a r i s  v a r .  B o u n t i f u l  e x h i b i t s  
>ros o f  m a lf o rm a tio n  f o l lo w in g  
s r s i s t e n t  a p h id  t r a n s m is s io n
rF ig u re  36 (a  S b ) : P . v u l g a r i s  v a r .  D oub le  w h ite  
s e t t l e r  e x h i b i t s  fiymptoms o f  m o sa ic  
(M) a n d  m a l f o r a a t i o i t  f o l l o w in g  non - 
p e r s i s t e n t  a p h id  t r a n s m is s io n
P r in c e  e x h i b i t s  symptoms
and  m o sa ic  (M) f o l lo w in g  
t  a p h i J  t r a n s m is s io n  
c l e s i o n s  (NL)
I s  v a r .  Top c ro p  e x h ib i t- ?  
o f  m a lf o rm a tio n  f o l lo w ! :  4 
s c e n e  a p h id  t r a n s m is s io n
/
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2 .3  S eed  t r a n s m is s io n
G uar v a r i e t i e s  ( T a b le  4 )  g row n f ro m  i n f e c t e d  s e e d s  d id  
n o t  show th e  sym ptom s o f  th e  v i r u s  d i s e a s e  ( " L i t t l e  
l e a f " ,  s t u n t i n g  a n d  s t e r i l i t y ) . No v i s i b l e  d i f f e r e n c e  
a p p e a re d  b e tw e e n  p l a n t s  g row n fro m  i n f e c t e d  and  h e a l th y  
g u a r  s e e d s .
S eeds w ere  c o l l e c t e d  fro m  p o d s  o f  i n d i c a t o r  p l a n t s  
i n f e c t e d  m e c h a n ic a l ly  o r  a p h id  t r a n s m i t t e d  ( T a b le s  7 
a n d  8) w i th  t h e  v i r u s . P l a n t s  g row n f ro m  t h e s e  s e e d s  
a p p e a re d  h e a l t h y ,  w i th o u t  a n y  v i r u s  sym p tom s.
M e c h a n ic a l ly  i n o c u l a t e d  P b a s e o lu s v u l g a r i s  v a r .  
W in te r g r e e n  e x h i b i t e d  r e d  n e c r o t i c  l e s i o n s  and  p r o d u c e d  
p o d s  w i th  r e d  n e c r o t i c  l e s i o n s  ( F ig .  2 0 ) .  S eeds from  
t h e s e  p o d s e x h i b i t i n g  sym p tom s, when g e rm in a te d ,  g av e  
r i s e  to  p l a n t s  sh o w in g  l o a f  m a lf o rm a tio n  and  c h l o r o s i s  
( F ig .  3 9 ) .
F ig u re  39 ( a  & b ) : M a lfo rm a te d  le a v e s  and  m o s iac  (M) o f  
P . v u lE a rls  v a r .  W in te r g r e e n  grown 
fro m  i n f e c t e d  s e e d s
BIOLOGICAL PROPERTIES OF THE VIRUS
I n o c u l a t i o n  o f  i n f e c t e d  g u a r  s a p  ZDPS o n to
P h a s e o lu s  v u l g a r i s  v a r .  Top c ro p  i n d i c a t e d  t h a t  th e  
lo n g e v i ty  i n  v i t r o  was 2 t o  3 d a y s , th e  th e rm a l  
i n a c t i v a t i o n  p o i n t  w as 55 eC t o  60°C a n d  th e  d i l u t i o n  
end  p o in t  w as 10” ^ to  10 Red l o c a l  l e s io n s
f o l lo w e d  by  r e d  v e in  a n d  c h l o r o s i s  ( F i g . 12) a p p e a re d  
a b o u t  5 d a y s  a f t e r  t h e  i n o c u l a t i o n .
4 . VIRUS PURIFICATION
F r e s h  le a v e s  o f  i n f e c t e d  g u a r  v a r i e t i e s  TX 79-2741 and 
ZDPSi b r o u g h t  f ro m  th e  E a s t e r n  T r a n s v a a l  and  show ing  
s e v e r e  symptoms o f  " l i t t l e  l e a f "  s t u n t i n g  and
s t e r i l i t y ,  w ere  fo u n d  to  b e  t h e  m o st s u i t a b l e  s o u r c e  
p l a n t s  f o r  v i r u s  p u r i f i c a t i o n .  The v i r u s  p a r t i c l e s
c o u ld  n o t  h a v e  b e e n  o b s e rv e d  i n  t h e  e l e c t r o n  m ic ro sc o p e  
a f t e r  p u r i f i c a t i o n  o f  f r o z e n  i n f e c t e d  g u a r  le a v e s  
( - 2 0 * 0 ,  n o r  f r e s h  g u a r  le a v e s  grow n from  in f e c t e d  
s e e d s  and  i n d i c a t o r  p l a n t s  i n f e c t e d  w i th  th e  g u a r
As symptoms on i n d i c a t o r  p l a n t s  s u g g e s te d  t h a t  t h e  g u a r  
v i r u s  may b e  B ean common m o sa ic  v i r u s , S oybean  m o sa ic  
v i r u s  o r  o t h e r  r e l a t e d  p o t y v i r u s e s , p u r i f i c a t i o n
p r o c e d u re s  w ere  s e l e c t e d  a c c o r d in g l y .  V iru s  
p u r i f i c a t i o n  fro m  i n f e c t e d  l e a f  m a t e r i a l  w ere  m ade, 
u s in g  th e  p r o c e d u re s  d o c u m en te d  i n  C h a p te r  2 , 6 .
P r o c e d u r e  1 ( C h a p te r  2 , 6 .1 )  i s  known to  b e  a  m o st
s u c c e s s f u l  m e thod  f o r  i s o l a t i n g  BCMV ( J a f a r p o u r  e t  a l . ,
1 9 7 9 ) .  P r o c e d u r e  2 ( C h a p te r  2 ,  6 .2 )  i s  a  g e n e r a l
m ethod  f o r  p o ty v i r u s e s  ( P i e u e r s e n  G. -  p a r s .  comm.) and 
p ro c e d u re  3 ( C h a p te r  2 , 6 ,3 )  i s  e s p e c i a l l y  f o r  BYMV 
(A lp e r  e £  a l . , 1 9 8 4 ) .
C om parison  o f  v i r u s  y i e l d s  u s in g  p r o c e d u re  I  and




was o b ta in e d .  U s in g  p r o c e d u re  2 , a  v i r u s  y i e l d  o f  
0.06m g p e r  lOOg o f  le a v e s  was o b ta in e d .
The a b s o r p t io n  s p e c tr u m  o f  p u r i f i e d  v i r u s  f ro m  in f e c t e d  
g u a r  T X -79-2741  h a d  a maximum ac  260nui ( 0 .1 2 )  and a 
minimum a t  246nm ( 0 .1 1 )  ( F ig .  4 0 ) .  The r a t i o  o f  
a b s o rb a n c e  A260:A 280 was 1 .2 5  a n d  th e  r a t i o  o f  
A 260iA230 was 0 .7 .
P ig e o n p e a  le a v e s  a n d  pods w ere  p u r i f i e d  a s  w e l l  and 
u s e d  i n  ELISA t e s t s  and  p o ly a c r y la m id e  g e l  
e l e c t r o p h o r e s i s .
5 .  DETECTION OF VIRUS PARTICLES BY ELECTRON 
MICROSCOPY
V ir u s  p a r t i c l e s  w ere  s c a r c e l y  o b s e rv e d  in  e l e c t r o n  
m ic ro s c o p e  l e a f  d ip  p r e p a r a t i o n s  (C h a p te r  2 , 8 . 3 ) .  No 
v i r u s  p a r t i c l e s  w ere  o b s e rv e d  i n  l e a f  d ip s  from  
in f e c t e d  g u a r  v a r i e t i e s  ( T a b le  4 ) .  V iru s  p a r t i c l e s  
c o u ld  n o t  b e  o b s e rv e d  i n  l e a f  d ip  p r e p a r a t i o n s  from  
in d i c a t o r  p l a n t s  i n f e c t e d  m e c h a n ic a l ly  ( T a b le  7) o r  by 
a p h id s  (T a b .e  B) a s  w e l l  a s  i n f e c t e d  p ig e o n p e a .
U sin g  l e a f  sq u a sh  p r e p a r a t i o n  (C h a p te r  2 , 8 .2 )  from
m e c h a n ic a l ly  i n f e c t e d  P h a s e o lu s  v u l g a r i s  v a r . W in te r - 
g r e e n  pod  ( F ig .  4 2 ) ,  lo n g  f le x u o u s  r o d s  w ere  o b s e rv e d  
in  th e  e l e c t r o n  m ic r o s c o p e .
B e t t e r  o b s e r v a t io n  o f  th e  v i r u s  p a r t i c l e s  was a c h ie v e d  
w i th  p u r i f i c a t i o n  o f  f r e s h  g u a r  l e a v e s .  The r e s u l t s  
i n d i c a t e d  t h a t  p r o c e d u re  1 (C h a p te r  2 , 6 . 1 ) ,
p u r i f i c a t i o n  o f  i n f e c t e d  g u a r  T X -79-2741  and  p ro c e d u re
3 (C h a p te r  2 , 6 , 3 ) ,  p u r i f i c a t i o n  o f  i n f e c t e d  g u a r  ZDPS,
I
iis
leng th  (nra)
F i g u r e  4 0 : A b s o r p t io n  sp e c tru m  o f  a p u r i f i e d  p r e p a r a ­
t i o n  o f  v i r u s  ( J a f a r p o u r  eC a l . , 1979)
maximum a t  260nm a n d  minimum a t  246nm
4\
g av e  c h e  b e s t  i s o l a t i o n  o f  p a r t i c l e s  ( F i g s .  ilCa&b), 43) . 
V i r u s - l i k e  p a r t i c l e s  fro m  p u r i f i e d  i n f e c t e d  p ig e o n p e a ,  
u s in g  p u r i f i c a t i o n  p r o c e d u re  3 , w ere  o b s e rv e d  i n  th e  
e l e c t r o n  m ic ro s c o p e  ( F ig .  4 6 ) .
T he m ic r o g ra p h s  show ed th e  v i r u s  t o  b e  a  lo n g  f le x u o u s  
r o u -s h a p e d  v i r u s . The mean w id th  a n d  l e n g t h  o f  30 
p a r t i c l e s  was m e a su re d  a n d  c a l c u l a t e d  a c c o rd in g  to  th e  
f o l lo w in g  f o rm u la :
S i z e  o f  p a r t i c l e  (mm) x  IQ ^na 
S i z e  o f  p r i n t
x  m a g n i f i c a t i o n
S iz e  o f  n e g a t iv e
No s t a n d a r d s  w ere  u s e d  in  p a r t i c l e  le n g th  d e te r m in a ­
t i o n  . P a r t i c l e s  w ere  on a v e r a g e  750nm i n  le n g th  and  
15nm in  w id th .  The p a r t i c l e  d im e n s io n s  o b t a in e d  from  
i n f e c t e d  g u a r  ( F i g s . M (a S b )  , 6 3 (a& b )) and  m e c h a n ic a l ly  
i n f e c t e d  in d i c a t o r  p l a n t ,  P . v u l g a r i s  v a r .  W in te rg re e n  
( F ig .  4 2 ( a S b ) ) was s i m i l a r ,  sh o w in g  t h a t  t h e  g u a r  v i r u s  
w as t r a n s m i t t e d  s u c c e s s f u l l y .  V i r u s - l i k e  p a r t i c l e s  
w ere  o b s e rv e d  i n  a  p u r i f i e d  p ig e o n p e a  p r e p a r a t i o n  ( F ig .  
4 4 ) .  T h ese  p a r t i c l e s  w ere  a l s o  f le x u o u s  and  w ere  650nm 
lo n g  and  lOnm w id e .
The p a r t i c l e s  w ere  i s o l a t e d  i n  low  n u m b e rs , i n d i c a t i n g  
t h a t  th e  v i r u s  p r o b a b ly  o c c u r s  i n  r e l a t i v e l y  low  
c o n c e n t r a t i o n s  w i t h i n  th e  p l a n t s .
No v i r u s  p a r t i c l e s  w ere  o b s e rv e d  u s in g  t h i n  s e c t i o n s  
( C h a p te r  2 , 8 .6 )  a n d  in m u n o e le c r ro n m ic ro s c o p y  ( C h a p te r  
2 , 8 .8 )  . I n c lu s V ',  M d ie s  w ere  n o t  o b s e rv e d  i n  l i g h t  
m ic ro sc o p y  u s in g  a e th o d  d e s c r ib e d  in  C h a p te r  2 ,
/F ig u re  41 (a  & b) An e l e c t r o n  m ic r o g ra p h  o f  g u a r  TX- 
7 9 -2741  v i r u s  p a r t i c l e s  f o l lo w in g  
p u r i f i c a t i o n  p r o c e d u re  1 (2 p e r  c e n t
F ig u re  42 ( a  & b ) : e l e c t r o n  m ic r o g ra p h  o f  v i r u s  
: i c l a a  from  i n f e c t e d  pod o f  
:e o Iu 8  v u l g a r i s  v a r .  W i.n te rg ree n  
i r e d  s p o t s  ( F ig .  20) ( x 4 7 ,0 0 0 ; 2
Figure 43 (a & b ) : An e l e c t r o n  m ic r o g ra p h  o f  v i r u s  p a r ­
t i c l e s  f o l l o w in g  p u r i f i c a t i o n  
p r o c e d u re  3 o f  i n f e c t e d  g u a r  ZDPS
( a )  (x 5 8 ,0 0 0 i 2 p e r  c e n t  PTA)
(b ) ( x l l 7 ,0 0 0 i 2 p e r  c e n t  PTA)
F ig u re  4 4 i An . e l e c t r o n  m ic ro g ra p h  o f  v i r u s - l i k e  
p a r t i c l e s  f o l lo w in g  p u r i f i c a t i o n  p ro c e d u re  




6 .1  G rid  t l t r a c i o n
T a b le  9 : G rid  t i t r a t i o n
0.990 1.137
The f o l lo w in g  c o n c e n t r a t i o n s  o f  r e a g e n t s  w ere  u s e d :  
I n f e c t e d  and h e a l t h y  s a p  o f  g u a r  2DPS i n  th e  f o l lo w in g  
d i l u t i o n s  w i th  c o a t in g  b u f f e r s  
l i l O ,  1 , 2 0 , 1 :4 0 ,  1=80 .
A nC iserum  BCMV in  t h e  f o l lo w in g  d i lv t l o r v i  w i th  PBS-TPO 
1=500, 1 ,1 0 0 0  1= 1500.
P r o t e in  A -A lk a l in e  p h o s p h a ta s e  c o n ju g a te  in  th e  
f o l lo w in g  d i l u t i o n s  i n  PBS-TPO:
1 :1 0 0 0 , 1=2000 , 1=5000 .
C o a tin g  b u f f e r  w i th  th e  f o l lo w in g  d i l u t i o n s  o f  
A b /" co n ju g a te :
5 0 0 /1 0 0 0 , 5 0 0 /2 0 0 0 , 5 0 0 /5 0 0 0 , 1 0 0 0 /1 0 0 0 , 1 0 0 0 /2 0 0 0 ,
1000/5000, 1 5 0 0 /1 0 0 0 , 1 5 0 0 /2 0 0 0 , 1 5 0 0 /5 0 0 0 .
A c c o rd in g  to  T a b le  9 ,  t h e  b e s t  d i l u t i o n  to  w ork w ith  
Ag
C o n ju g a te
6 .2  F ( a b ') n EU SA
S ix  h I th y  i n d i c a t o r  p l a n t s  a n d  s i x  m e c h a n ic a l ly  
i n f e c t e d  i n d i c a t o r  p l a n t s  ( T a b le  10) w ere  t e s t e d  in  
F ( s b ' ) 2  ELISA a c c o rd in g  to  t h e  m e thod  d e s c r ib e d  in  
C h a p te r  2 , 9 , 4 .  The f o l lo w in g  a n t i s e r a  w ere  u se d :
BCMV, BYMV, SBMV,
The r e s u l t s  a r e  shown i n  T a b le  1 0 . The f o l lo w in g  
s a m p le s : m e c h a n ic a l ly  i n o c u la t e d  Pigum  sa t iv u m  and
in f e c t e d  D oub le  w h i te  s e t t l e r  w ere  BCMV p o s i t i v e .  
M e c h a n ic a l ly  in o c u la t e d  P isum  sa t iv u m  a l s o  a p p e a re d  to  
b e  p o s i t i v e  f o r  BYMV e v e n  th o u g h  i t  w as sy m p to m le s s . 
I n f e c t e d  g u a r  sa m p le  w as p o s i t i v e  t o  BCMV a n d  BYMV.
6 .3  INDIRECT ELISA
6 .3 .1  C rude e x t r a c t s  o f  g u a r  v a r i e t i e s
D i f f e r e n t  g u a r  v a r i e t i e s  le a v e s  w ere  t e s t e d  i n  t h e  
i n d i r e c t  ELISA m eth o d  (C h a p te r  2 , 9 .3 )  a n d  th e  r e s u l t s  
a r e  p r e s e n te d  in  T a b le  1 1 . The c o n c e n t r a t i o n s  o f  th e  
a n t ig e n ,  a n t i s e r a  a n d  P r o t e i n  A - A lk a l in e  p h o s p h a ta s e  
u se d  i n  t h i s  t e s t  w as a c c o rd in g  t o  th e  r e s u l t s  in  g r id  
t i t r a t i o n  t e s t  ( C h a p te r  3 , 6 . 1 ) .
T a b le  1 0 : F ( a b ') ^ELISA r e a d ln g a
Sam ole SBMV
M e c h a n ic a l ly  i n o c u la t e d
P isum  s a tiv u m 1 .J2 5
I n f e c t e d  P r in c e  3 0 .0 3 6
I n f e c t e d  P r in c e  2 0 .035
I n f e c t e d  Top c ro p
I n f e c t e d  B o u n t i f u l
I n f e c t e d  D ouble
w h i te  s e t t l e r
I n f e c t e d  G uar TX -79-2741
H e a l th ?  Pisum  s a tiv u m
H e a lth y  P r in c e  3 0 .0 5 2
H e a lth y  P r in c e  2 0 .1 3 1
H e a lth y  Top c ro p 0.103
H e a lth y  B o u n t i f u l
H e a lth y  D ouble
w h ite  s e t t l e r
H e a lth y  g u a r  T X -79-2741
P o s i t i v e  C o n t ro l
\ o 5  v a ^u e s  sa m p le s i n  F ( a b ’ ) 2 ELISA a f t e r  30
m in u te s  enzyme h y d r o l y s i s .
*  V alues h a d  gone o f f  a b s o r p t io n  s c a l e
th e  r e s u l t s  show ed t h a t  a l l  g u a r  v a r i e t i e s  (L ew is , 
T X -79 -2?  1 , ZDPS a n d  USB-130) w ere  p o s i t i v e  t o  BCMV and
6 .3 .2  P u r i f i e d  l o a v e s  and  p o d s o f  g u a r
P u r i f i e d  h e a l th y  a n d  i n f e c t e d  le a v e s  o f  g u a r  ZDPS u s in g
th e  t h r e e  p u r i f i c a t i o n  p r o c e d u r e s  (C h a p te r  2 , 6 .1 ,  6 .2
and  6 .3 )  , a s  w e l l  a s  h e a l t h y  a n d  i n f e c t e d  g u a r  pode 
w ere  t e s t e d  w i th  th e  i n d i r e c t  ELISA m e th o d . V iru s  
sa m p le s  w ere  d i l u t e d  1 :4 0  in  c o a t in g  b u f f e r .  The 
f o l lo w in g  a n t i s e r a :  BCMV, BYMV, SMV, PVY and  TRSV w ere  
diluted 1:1500 in PSS-TPO. P r o t e i n  A -A lk f il in e  
p h o s p h a ta s e  was d i l u t e d  1 :5 0 0 0  i n  PBS-TPO. The r e s u l t s  
a r e  p r e s e n te d  i n  T a b le  12.
P u r i f i e d  g u a r  v i r u s  p r e p a r a t i o n s  w ere  p o s i t i v e  t o  BCMV, 
BYMV, SMV and  PVY. P o s i t i v e  r e s u l t s  w e re  h ig h e r  f o r  
p u r i f i e d  v i r u s ,  u s in g  p u r i f i c a t i o n  p r o c e d u re  1 (C h a p te r  
2 , 6 . 1 ) .
6 .3 .3  C rude e x t r a c t s  o f  p lg e o n n e a
I n f e c t e d  p ig e o n p e a  s a p ,  s e r i a l l y  d i l u t e d  i n  c o a t in g  
b u f f e r  (T a b le  13) a s  w e l l  a s  h e a l t h y  p ig e o n p e a  sa p  w ere  
t e s t e d  i n  i n d i r e c t  ELISA m e th o d . The a n t i s e r a  BCMV end 
BYMV w ere  d i l u t e d  I-.ISOO i n  PBS-TPO and  p r o t e i n  
A -A lk a l in e  p h o s p h a ta s e  1 :1 0 0 0  in  PBS-TPO. The r e s u l t s  
a r e  p r e s e n te d  in T a b le  13. Infected p ig e o n p e a  was 
p o s i t i v e  to  BCMV and  BYMV,
6 .3 .4  C om parison b e tw ee n  p r o t e i n  A -A lk a t ln e  
p h o s p h a ta s e  and  GAR A lk a l in e  p h o s p h a ta s e  in  
I n d i r e c t  ELISA
I n f e c t e d  and h e a l th y  s a p  o f  g u a r  2DPS w ere  t e s t e d  by 
i n d i r e c t  i'l.ISA . Sam ples w ere  d i l u t e d  1 :2 0  i n  c o a t in g  
b u f f e r  an-i Shs f o l lo w in g  a n t i s e r a  BYMV, SMV and PVY 
d i l u t e d  1 :1500  i n  PBS-TPO. P r o t e i n  A -A lk a l in e  
p h o sp h a ta - .i: and  GAR A lk a l in e  p h o s p h a ta s e  d i l u t e d  1 :1000  
i n  PB S-7y0 w ere  c o m p ared . R e s u l t s  a r e  p r e s e n t e d  in  
T a b le  V -. I n f e c t e d  g u a r  r e a d in g s  w ere  h ig h e r  w i th  
P r o t e i n  \  -,d t h e  h e a l t h y  c o n t r o l  w as lo w e r  th a n  w i th
T a b le  H r  I n d i r e c t  ELISA r e a d in g s  o f  g u a r  v a r i e t i e s
SAMPLE K K , SMV SBMV
L ew is g r e e n  s t e r i l e
T X -79-2741  C h l o r o t i c 1 .3 6 9
T X -79-2741  s t u n t i n g 1 .2 8 4
TX -79-2741  g r e e n  s c e r i l e 0 .3 9 4
ZDPS " l i t t l e  l e a f " 0 .8 5 9 0 ,0 %
HSB - 130 g re e n  s t e r i l e 0 .6 4 9 0 .6 7 2 0 .0 8 7
ZDPS - g r e e n  s t e r i l e 0 .3 1 8 0 .3 2 3 0 .0 6 5
L ew is 0 .1 2 5
HSB-130 0 .1 0 0 0 .1 1 3
TX -79-2741 0 .1 2 6 0 .1 4 3
0 .1 5 0 0 ,1 5 0 , . 0 7 :
B u f f e r  c o n t r o l  0 .0 6 0
A b so rb a n c e  r e a d in g s  a r e  m eans from  s i x  r e p l i c a e e s
T a b le  1 2 : I n d i r e c t  ELISA .r e a d in g s  o f  p u r i f i e d  e u a r  v i r u s
SAMPLE PVY
P u r i f i e d  v i r u s  from  I n f e c t e d  g u a r  
leav es ZDPS ( o ro c e d u r e  1)
P u r i f i e d  h e a l th y  le a v e s  o f  g u a r  
ZDPS" ( p ro c e d u r e  1) 0 .1 7 3
P u r i f i e d  v i r u s  fro m  in f e c t e d  g u a r  
l e a v e s  ZDPS ( c r o c e d u re  2) 0 .2 3 5
P u r i f i e d  h e a l t h y  le a v e s  o f  g u a r  
ZDPS { p ro c e d u re  2) 0 .1 1 7
P u r i f i e d  v i r u s  fro m  in f e c t e d  g u a r  
le a v e s  ZDPS ( p ro c e d u r e  31 0 .2 1 2
P u r i f i u d  h e a l th y  le a v e s  o f  g u a r  
ZDPS (p ro c e d u r e  3) 0 .1 8 7
P u r i f i e d  v i r u s  from  in f e c t e d  g u a r  
no d s ZDPS ( p ro c e d u r e  3) 0 .3 3 1 0 .3 5 2
P u r i f i e d  h e a l th y  p o d s o f  g u a r  
ZDPS (p ro c e d u r e  3) 0 .1 7 6 0 .1 7 1
B u f f e r  c o n t r o l s  0 .0 4 6  0 .0 4 4  0 .0 4 3  0 .0 4 6  0 .0 4 4
T a b le  13 : I n d i r e c t  ELISA r e a d in g s  o f  p ig e o rtp e a
I n f e c t e d  P ig e o n p i H e a l th y  ?izeonpea
B u f f e r  c o n t r o l  0 .0 7 2
T a b le  1 6 : C om p ariso n  b e tw ee n  P r o t e i n  A -A lk a l in e
p h o s p h a ta s e  c o n ju g a te  a n d  g o a t  a n t i - r a b b i t
P r o t e i n  A
H e a lth y  I n f e c t e d H e a lth y I n f e c t e d
BYMV 0 .1 8 7  0 .6 0 8 0 .2 6 0
SMV 0 .1 2 3  1 .6 9 1 0 .3 0 7
PVV 0 .0 9 5  0 .2 2 6
6 .4  P l a t e - t r a t a p e d  a n t ig e n  (PTA) ELISA
6 .4 .1  C rude  e x t r a c t s  o f  g u a r  v a r i e t i e s  and  p ig e o n p e a
D i f f e r e n t  i n f e c t e d  v a r i e t i e s  o f  g u a r  le a v e s  w ere  t e s t e d  
i n  PTA-ELISA, (As w e l l  a s  i n f e c t e d  p ig e o n p e a )  (T a b le  
1 5 ) .  As c o n t r o l s ,  h e a l t h y  g u a r  v a r i e t i e s  and  h e a l th y  
p ig e o n p e a s  w ere  t e s t e d .  C rude  sa p  ( 5 m l / l g  l e a f )  was 
u s e d  u n d i l u t e d .  The f o l lo w in g  u n f r a c t i o n a t e d  a n t i s e r a  
d i l u t e d  ItlODD in PBS-TPO w ere  u s e d :  BCMV, BYMV, TRSV. 
P r o t e i n  A - a l k a l i n e  p h o s p h a ta s e  0 .0 2 5 u /m l i n  PBS-TPO was 
a d d e d , R e s u l t s  a r e  p r e s e n t e d  i n  T a b le  1 5 . I n f e c t e d  
g u a r  v a r i e t i e s  a n d  i n f e c t e d  p ig e o n p e a  w ere  p o s i t i v e  to  
BCMV, BYMV a n d  TRSV.
6 . 4 . 2  P u r i f i e d  g u a r  le a v e s  a n d  Pods a n d  p u r i f i e d
P u r i f i e d  v i r u s  sa m p le s  fro m  i n f e c t e d  g u a r  le a v e s  and 
p o d s , a s  w e l l  a s  le a v e s  f ro m  i n f e c t e d  p ig e o n p e a ,  w ere  
t e s t e d  i n  PTA-ELISA. H e a l th y  c o n t r o l s  w ere  a l s o  
t e s t e d .  V ir u s  sa m p le s  w ere  d i l u t e d  1 :4 0  i n  c o a t in g  
b u f f e r .  BCMV a n d  BYMV w ere  d i l u t e d  1 :1 0 0 0  in  PBS-TPO. 
E ach  a n t i s e ru m  fro m  tw o d i f f e r e n t  s o u r c e s . P r o t e i n  
A -A lk a l in e  p h o s p h a ta s e  c o n ju g a te  w as d i l u t e d  0 ,0 2 5 u /m l 
i n  PBS-TPO. R e s u l t s  a r e  p r e s e n t e d  i n  T a b le  16.
P u r i f i e d  v i r u s  s a m p le s  fro m  g u a r  a n d  p ig e o n p e a  w ere  
p o s i t i v e  t o  BCMV a n d  BYMV.
6 .5  De' . c t l o n  o f  v i r u s  i n  a p h id s  by  ELISA
T h e re  w as no  d i f f e r e n c e  i n  a b s o rb a n c e  r e a d in g s  b e tw ee n  
v i r u l i f e r o u s  and  n o n - v i r u l i f e r o u s  a p h i d s , u s in g  th e  




i . . .
T a b le  15 : PTA ELISA r e a d in g s v a r i e t i e s
B« v BYMV
I n f e c t e d  g u a r  L ew is 0 .2 6 9
I n f e c c e d  g u a r  ZDPS 0 .413
I n f e c t e d  g u a r  ZDPS
( " L i t t l e  l e a f " ) 0 .5 7 7
I n f e c t e d  g u a r  HSB-130
I n f e c t e d  p ig e o n p e a
H e a lth y  g u a r  L ew is
H e a lth y  g u a r  ZDPS
H e a lth y  g u a r  ZDPS
H e a lth y  g u a r  HSB-130
H e a lth y  P ig eo n p e a 0 .1 6 6
B u f f e r  c o n t r o l s 0 .0 4 5
/
■ t
T a b le  16 : PTA ELISA r e a d in g s  o f  p u r i f i e d  v i r u s  fro m  g u a r  and  p ig e o n p e a
SAMPLE BCOT Em v
ENGLAND G PIETERSEN ENGLAND G PIETERSEN
P u r i f i e d  v i r u s  fro m  g u a r  pods 
( A lp e r  e t  a l . , 1984) 1 .9 9 9
P u r i f i e d  v i r u s  from g u a r  le a v e s  
/A lp e r  e t  a l . , 1984)
P u r i f i e d  v i r u s  from  g u a r  le a v e s  
( J a f a r p o u r  e t  a l . , 1979) 1 .9 9 9
P u r i f i e d  v i r u s  fro m  p ig e o n p e a  le a v e s  
(A lp e r  e t .  a l .  , 1984) 1 .1 7 8
P u r i f i e d  BCMV 0 .1 1 6
P u r i f i e d  h e a l th y  g u a r  pods 
(A lp e r  e t  a l . , 1984) 0 .1 3 9
P u r i f i e d  h e a l th y  g u a r  le a v e s  
(A lp e r  e t  a l . , 1984) 0 .1 4 5 0 .1 3 2
P u r i f i e d  h e a l th y  g u a r  le a v e s  
( J a f a r p o u r  e t  a L , 1979) 0 ,1 4 8 0 .1 3 5
P u r i f i e d  h e a l th y  p ig e o n p e a  le a v e s  
(A lp e r  e t  a l . , 1984) 0 .1 3 6
B u f f e r  c o n t r o l s
/4
7 . POLYACRYLAMIDE CiEL ELECTROPHORESIS
' .1 Kscltnation o f  th e  m o le c u la r  w e ig h ts  o f  v i r a l
n r o tu ln s
The lo g  10 o f  m a rk e r s  o f  known m o le c u la r  w e ig h t  was 
p lo r tn d  a g a i n s t  d i s t a n c e  m ig r a te d  by th e  p r o t e i n s  ( i n  
:m'. In  t h i s  way a  s t a n d a r d  c u rv e  was c o n s t r u c t e d  from  
w hich  th e  unknown m o le c u la r  w e ig h ts  o f  th e  v i r a l  
r v . 'r t - in  b a n d s  c o u ld  be  d e te r m in e d  ( F ig .  4 8 ) .
AUK o f  l i t -m i-p u r if iu d  in f e c t e d  g u a r  ZDPS l e a f  
e x j r . i c t s  i L in t’s  b and  75 r e v e a le d  s e v e r a l  p o ly p e p t id e s  
n .- t p r e s e n te d  in  h e a l th y  l e a f  sa m p le s  ( l a n e s  4 and  5)
• K ii’ . ■.51. 10 i s  s e r a i - p u r i f i e d  BCMV. An u p p e r
V.md o f  SS.OOil d a l to n a  was o b s e rv e d  in  i n f e c t e d  g u a r  as 
v e i l  a s  b a n d s  .ip p t-a rin e  a t  4 7 -4 8 ,0 0 0  d a l t o n s ,  43 ,0 0 0  
.’. i l r - 'n s ,  i f > - d a l t o n s  and  3 3 -3 4 ,0 0 0  d a l to n s  
-  • I f v u l . i r  w c ia h c . i't e  p o ly p e p t id e s  b a n d s  w ere  a l s o  
h sv rv w i fr.-m  in f e c t .u d  pod e x t r a c t s  ( l a n e  5) b u t  n o t  
: 'n  n  h e a l th y  p-idi; i la n u  4) ( F ig ,  4 0 ) .  An u p p e r  band  o f  
‘iS-M.i, , d a l t o n s  f o l lo w e d  by two b a n d s  b e tw ee n  36 and
i!vu to n s  And two lo w e r  b a n d s  (2 3 ,0 0 0  and  26 ,000
F ig u re  45
* 7 #
T en p e r  c e n t  P o ly a c ry la m id e  g e l  o f  i n f e c t e d  
and  h e a l th y  g u a r  le a v e s
1 M o le c u la r  w e ig h t  m a rk e rs  (X 10 3)
4 H e a lth y  g u a r  le a v e s  ZDPS
( p u r i f i c a t i o n  p ro c e d u re  3)
5 H e a lth y  g u a r  le a v e s  ZDPS
( p u r i f i c a t i o n  p ro c e d u re  1)
6 I n f e c t e d  g u a r  le a v e s  ZDPS
( p u r i f i c a t i o n  p ro c e d u re  3)
7 I n f e c t e d  g u a r  le a v e s  ZDPS
( p u r i f i c a t i o n  p ro c e d u re  7)
10 BCMV -  E ng land
4F ig u re  46 : F iv e  t o  f i f t e e n  p e r  c e n t  P o ly a c ry la m id e
g r a d i e n t  g e l  o f  i n f e c t e d  and  h e a l th y  g u a r
la n e  1 M o le c u la r  w e ig h t  m a rk e rs  (X 1 0 J )
la n e  4 H e a l th y  g u a r  p o d s ( p u r i f i c a t i o n
p r o c e d u re  3) 
la n e  5 I n f e c t e d  g u a r  pods ( p u r i f i c a t i o n
p r o c e d u re  3)
m
' " l
F ig u re  4 7 : T en p e r  cenC P o ly a c ry la m id e  g e l  o f  i n f e c t e d
and h e a lc h y  g u s r  le a v e s
la n e  1 M o le c u la r  w e ig h t  m a rk e r s  <X 10})
l a n e  2 H ea lc h y  g u a r  le a v e s  ZDPS ( p u r i f i ­
c a t i o n  p ro c e d u re  1) 
la n e  3 I n f e c t e d  g u a r  le a v e s  ZDPS ( p u r i f i ­
c a t i o n  p r o c e d u re  1) 
la n e  4 8CMV (E n g la n d )
I
d istance  m igrated on the  gel by p ro te in s  (mm)
F ig u re  48 i E s t im a t i o n  o f  t h e  m o le c u l a r  w e ig h t  o f  g u a r  
v i r a l  p r o t e i n s
7 .2  Im m u n o -e le c tro  b l o t
P u r i f i e d  v i r u s  ( p u r i f i c a t i o n  p r o c e d u re  1) p r e p a r a t i o n s  
from  I n f e c t e d  g u a r  p l a n t s  ZDPS and  p u r i f i e d  BCMV were 
ru n  on  PAGE g e ls  ( F ig .  4 7 ) .  G e ls  w ere  t r e a t e d  w i th  th e  
f o l lo w in g  a n t i s e r a : BCMV, BYMV, SMV a n d  PVY,
-.m m unoblots w ith  BCMV a n t i s e ru m  show ed s t r o n g  b in d in g  
to  s e v e r a l  p o ly p e p t id e  b a n d s  o f  BCMV ( F ig .  47) m a in ly  
one a t  2 6 ,0 0 0  d a l to n s  and  two b a n d s  a t  3 4 - 3 5 ,0 0 0  and 
3 6 -3 7 ,0 0 0  d a l to n s  m o le c u la r  w e i g h t . I n f e c t e d  g u a r  
sa m p le s  ( la n e  2 , f i g .  49) e x h i b i t e d  s t r o n g  b in d in g  o f  
BCMV a n t i s e ru m  to  p o ly p e p t id e s  w i th  a  m o le c u la r  w e ig h t  
o f  3 3 -3 4 ,0 0 0  and  3 6 - 3 7 ,0 0 0  d a l to n s  and  th e  u p p e r  55 ,0 0 0  
delton b a n d . L i t t l e  o r  no b in d in g  was o b se rv e d  in  th e  
h e a l th y  g u a r  l e a f  ( l a n e  1 , F i g .  4 9 ) .  S t ro n g  s p e c i f i c  
b in d in g  was a g a in  o b s e rv e d ,  t o  p o ly p e p t id e  b a n d s  a t  
3 3 - 3 4 ,0 0 0 , 3 6 -3 7 ,0 0 0  and  5 5 ,0 0 0  d a l t o n s  from  in f e c t e d  
g u a r  le a v e s  ( l a n e  2 ) ,  e m p lo y in g  PVY ( F ig .  50), BYMV 
( F ig .  51) and SMV ( F ig ,  5 2 ) .
F ig u re  49 : Im rnunoblot o f  p u r i f i e d  h e a l th y  (H) and
in f e c c e d  ( I )  g u a r  p r e p a ra C io n a  u s in g  BCMV 
(1 :2 0 0  in  PB3) a n t i s e ru m
lane 1 healthy guar




F ig u re  50 i Iirm u n o b lo t o f  p u r i f i e d  h e a l th y  (H) and  
in f e c c e d  ( I )  g u a r  p r e p a r a t i o n s  u s in g  PVY 
( 1 i 200 in  PBS) a n t ia e r u m
lane 1 healthy guar
lane 2 infected guar
lane 3 BCMV
8 /MV
F ig u re  51 : lam u n o b lo c  o f  p u r i f i e d  h e a l th y  (H) and
in f e c t e d  ( I )  g u a r  p r e p a r a t i o n s  u s in g  BYMV 
(1 :2 0 0  in  PBS) a n t i s e ru m
lane 1 healthy guar




F ig u re  52 : Irom unoblo t o f  p u r i f i e d  h e a l th y  (H) a rd
in f e c t e d  ( I )  g u a r  p r e p a r a t i o n s  u s in g  SMV 
( 1 :2 0 0  in  PBS) a n t is e ru m
la n e  1 h e a l th y  g u a r  
la n e  2 i n f e c t e d  g u a r
la n e  3 BCMV
CHAPTER 4
DISCUSSION AND CONCLUSION
A lth o u g h  th e  symptoms o f  t h e  d i s e a s e  o f  C yam opsis 
te t r a g o n o lo b a  ( g u a r )  i n  S o u th  A f r i c a  a p p e a re d  to  b e  o f  
a  v i r a l  n a tu r e ,  p r e l i m in a r y  t e s t s  f o r  th e  i d e n t i f i c a ­
t i o n  of b a c t e r i a  w ere  c a r r i e d  o u t .  A b a c te r iu m  
i d e n t i f i e d  a s  Pseudom onas ( C h a p te r  3 ,  1) was i s o l a t e d  
from  in f e c t e d  g u a r  l e a v e s . None o f  t h e  symptoms 
a s s o c i a t e d  w i th  t h i s  b a c te r iu m , e . g .  v a s c u  „  • w i l t s ,  
ste m  c a n k e r s , l e a f  s p o t s ,  s o f t  r o t s ,  tum ors o r  g a l l s ,  
b lo sso m  and  tw ig  b l i g h t s  w ere  o b s e rv e d  on in f e c t e d  g u a r  
p l a n t s .  I t  was th u s  c o n c lu d e d  t h a t  t h i s  b a c te r iu m  was 
m e re ly  r e s i d e n t  and  n o t  th e  c a u s a l  a g e n t  o f  th e  
d i s e a s e .  C o n se q u e n tly  t h i s  i n v e s t i g a t i o n  was a im ed  a t  
e l u c i d a t i n g  th e  v i r a l  n a tu r e  o f  th e  d i s e a s e  u s in g  
te c h n iq u e s  su c h  a s  h o s t  r a n g e  s t u d i e s ,  v i r u s  
p u r i f i c a t i o n , e l e c t r o n  m ic ro sc o p y  and  s e r o lo g y .  From 
th e s e  s tu d i e s  a  p o ty v i r u s  h a s  b e e n  shown to  be 
a s s o c i a t e d  w i th  th e  v i r u s  symptoms o f  "G reen  s t e r i l e "  
and  " L i t t l e  l e a f " .
Many t r i a l s  w ere  made to  e s t a b l i s h  th e  o p t im a l  g row th  
c o n t r i t io n s  of the g u a r  p l a n t  (C h a p te r  2 , 1 ) .  Deep p o ts  
w ere  u se d  in  o r d e r  to  a l lo w  lo n g  g u a r  r o o t s  t o  d e v e lo p  
p r o p e r ly  and h ig h  te m p e r a tu r e s  (2 8 <,C -30°C ) w ere  fo u n d  
to  be e s s e n t i a l  f o r  th e  g u a r  g ro w th . A lth o u g h  th e s e  
o p tim a l  c o n d i t i o n s  w ere  m a in ta in e d ,  g u a r  p l a n t s  
p ro p a g a te d  in  g ro w th  c a b i n e t s ,  w ere  a b o u t 30cm in  
h e i g h t ,  com pared  to  Ira h e ig h t  f o r  th o s e  g ro w in g  u n d e r  
f i e l d  c o n d i t i o n s .  P l a n t s  grow n from  s e e d s  o b ta in e d  
from  in f e c t e d  g u a r  p o d s d id  n o t  e x p re s s  th e  v i r u s  
sym ptom s. I n  f a c t ,  th e r e  was no  d i f f e r e n c e  in  
a p p e a ra n c e  be tw ee n  h e a l t h y  a n d  i n f e c t e d  g u a r  g row n from
/
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T a b le  1 7 : V a r i e t i e s  i n  S o u th  A f r i c a  t e s t e d  and  b e in g
t e s t e d  f o r  I-G e n e  (G. P i e t e r s e n  p e r s . comm.)
D om inant
R e s is t a n c e
Kamberg
Nuw eveld
C a r io c a
S e a f a r e r  
Top c ro p  
C o n ten d e r  
W in te rg re e n
H a r v e s te r
Sem ino le
H eu n in g b erg
M ajuba
N a ta l  s p e c k le d  
Sku rw eberg  
B ro a d a c re s  
U ravoti
L azy  h o u se w ife
Unknown
B lu e  p e t e r
L ab ra d o r
P r o v id e r
■i
S in c e  o n ly  50 p e r  c e n t  o f  g u a r  s e e d s  ( F ig .  5 ) w ere  a b le  
Co g e rm in a te ,  i t s  p o s s i b l e  t h a t  t h e s e  may b e  th e  
h e a l th y  s e e d s  w h ich  do n o t  c a r r y  t h e  v i r u s . T h e r e f o r e ,  
i t  was n e c e s s a r y  t o  u s e  f r e s h  m a t e r i a l ,  i . e .  g u a r  
p l a n t s  show ing  symptoms o f  " L i t t l e  l e a f "  and  "G re en -  
s t e r i l e "  w h ic h  w ere  b ro u g h t  fro m  th e  f i e l d  i n  th e
E a s te r n  T r a n s v a a l .  When f r o z e n  g u a r  l e a v e s ,  o r  g u a r  
p l a n t s  grown fro m  in f e c t e d  s e e d s ,  w ere  u s e d ,  ELISA 
t e s t s ,  h o s t  r a n g e  in o c u l a t i o n  and  p u r i f i c a t i o n  d id  n o t  
show s a t i s f a c t o r y  r e s u l t s .
No symptoms w ere  o b s e rv e d  on m e c h a n ic a l ly  in o c u la t e d  
g u a r  u s in g  in f e c t e d  g u a r  s a p ,  h o w ev e r, i n d i c a t o r  p l a n t s  
i n o c u la t e d  m e c h a n ic a l ly ,  u s in g  s a p  ( e x t r a c t s )  from  
in f e c t e d  g u a r ,  d e v e lo p e d  symptoms o f  r e d  n e c r o t i c  v e in s  
and  c h l o r o s i s  ( F i g s . 11 , 12 , 13 , 16 , 17 , 1 8 , 19 , 21,
2 2 a , 23 S 26) a f t e r  one  w eek , im p ly in g  th e  p r e s e n c e  o f  
a  sap  t r a n s m i s s i b l e  a g e n t .  Symptoms w ere  p ro d u c e d  o n ly  
a t  t e m p e r a tu re s  o f  30°C and m o st o f  th e  i n d i c a t o r  
p l a n t s  f a i l e d  to  p ro d u c e  symptoms a t  25 °C ( T a b le  7 ) .
Symptoms w ere  a lm o s t  r e s t r i c t e d  t o  v a r i e t i e s  o f  th e
g e n u s  P h a s e o lu s , wha.i.h i n d i c a t e s  t h a t  th e  g u a r  v i r u s  
may p o s s ib l y  be r e s t r i c t e d  t o  v i r u s e s  t h a t  i v - e c t  th e  
b e a n  f a m i ly .  A c c o rd in g  to  T a b le  19 th e  f o l lo w in g  be an  
v a r i e t i e s  w h ich  h a d  b e e n  u se d  in  o u r  i n v e s t i g a t i o n  h av e  
1 -g e n e  r e s i s t a n c e : P . v u l g a r i s  v a r s .  Nep 2 , Top c ro p ,
C o n te n d e r, W in te r g r e e n  and S e m in o le . The I -g e n e  
r e s i s t a n c e  im p l ie s  t h a t  be lo w  a te m p e r a tu re  o f  2 9 “C 
th e s e  v a r i e t i e s  w ou ld  n o t  e x h i b i t  symptoms when 
c h a l le n g e d  w i th  BCMV p a th o ty p e s  and  a  h y p e r s e n s i t i v e  
r e a c t i o n  w ou ld  o n ly  o c c u r  a t  te m p e r a tu r e s  above  29 “C 
(K yle  e t  a l . i 1 9 8 8 ) . I n  o u r  i n v e s t i g a t i o n ,  Nep 2 , Top 
c r o p , C o n te n d e r  a n d  W in te r g r e e n  in d e e d  show ed symptoms 
o n ly  a t  a  te m p e r a tu re  o f  30°C ( T a b le  7 ) ,  th e re b y  
s u g g e s t in g  t h a t  a h y p e r s e n s i t i v e  r e a c t i o n  h a d  o c c u r r e d .  
H ow ever, on Top c r o p ,  W in te r g r e e n  and  S e m in o le , 
symptoms a l s o  becam e s y s te m ic  ( F i g s . 1 3 , 18 a n d  21) and  
o n ly  on Nep 2 and  C o n te n d e r  was t h e  r e a c t i o n  r e s t r i c t e d
/
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Co in o c u la t e d  le a v e s  ( F ig s .  11 and  ? 7 ) .  T h ese  r e s u l t s  
i n d i c a t e  t h a t  che v i r u s  c a u s e s  a h y p e r s e n s i t i v e  
r e a c t i o n  i n  some v a r i e t i e s  a t  c e r t a i n  te m p e r a tu r e s , b u t  
in  o th e r s  th e  symptoms s p r e a d  to  u n in o c u la t e d  le a v e s  
and  i t  w ould  a p p e a r  t h a t  th e  v i r u s  i s o l a t e d  i n  t h i s  
s tu d y  does n o t  b e h av e  e x a c t ly  i n  th e  same m anner a s  th e  
BCMV p a th o ty p e s  t e s t e d  by K y le  e t  a l ,  ( 1 9 8 8 ) , I n  th e  
c a s e  o f  SMV o r  BCMV f a th o t y p e s  N L -3, NL-5 and  NL-8 
( D r i j f h o u t ,  1978) t h e  h y p e r s e n s i t i v e  r e a c t i o n  i s  
in d e p e n d e n t o f  te m p e r a tu re s  w h ich  d i f f e r s  from  th e  
o t h e r  p o ty v i r u s e s ,  e . g .  B la c k e y e  cowpea m o sa ic  v i r u s ,  
Cowpea a p h id -b o r n e  m o sa ic  v i r u s ,  W ate rm elon  m o sa ic  
v i r u s - 2  and m o st n n th o ty p e s  o f  BCMV ( K y le , 1 9 8 8 ) , I t  
w o u ld , t h e r e f o r e , a p p e a r  t h a t  ev en  w i th in  th e  p o ty v i r u s  
s ro u p  th e r e  i s  a  ran g e  o f  symptoms w i th  r e s p e c t  to  th e  
I-G e n e  r e a c t i o n .  K e l ly  et_ a l . , (1982 ) r e p o r t e d  a  new 
RCMV s t r a i n  a s s o c i a t e d  w i th  th e  S a n i la c  c v . E l e c t r o n  
m ic ro sc o p e  s t u d i e s  r e v e a l e d  th e  p r e s e n c e  o f  th e  
f  2c>xuous r o d - l i k e  virus particles c h a r a c t e r i s t i c  o f  
BCMV in  l e a f  t i s s u e  i n f e c t e d  w i th  t h e  new s t r a i n .  The 
now s t r a i n  in d u c e s  s y s te m ic  to p  n e c r o s i s  a t  r e l a t i v e l y  
m o d e ra te  te m p e r a tu re s  (24 to  2 6 ° C ) , i n  co m m erc ia l 
c u l t i v a t e  c a r r y i n g  1-G ene r e s i s t a n c e . The new s t r a i n  
w h ich  overcam e th e  d o m in a n t I -G e n e  r e s i s t a n c e  fo u n d  i t s  
way to  E u ro p e  v i a  sn a p  be an  s e e d  m u l t i p l i c a t i o n s  by  th e  
E u ro p ea n s  in  E a s t  A f r i c a  ( S i l b e r n a g e l  e t  a l^  , 1 9 8 2 ) . 
G eno types w i th  d o m in a n t I - g e n e  w i l l  p r o g r e s s  from  
n e c r o t i c  l o c a l  l e s i o n  to  s p r e a d in g  v e i n a l  n e c r o s i s  on 
th e  p r im a ry  l e a f  ( " ro n d  m a p " ) . I n  o u r  i n v e s t i g a t i o n  
i n d i e : t o r  p l a n t s  w h ic h  h av e  th e  I -g e n e  and w ere  
i n f e c t e d  w i th  th e  g u a r  v i r u s  showed symptoms o f  v e in a l  
n e c r o s i s  o n ly  a t  30°C , m ean ing  t h a t  th e  g u a r  v i r u s  h a s  
n o t  overcom e th e  I - g e n e  r e s i s t a n c e .
/
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Symptoms o f  r e d  v e i n  n e c r o s i s  and  
c h l o r o s i s ,  c u r l i n g  and  m a lf o rm a tio n  w ere  s i m i l a r  to  
Chose d e s c r ib e d  by  Bos (1971 ) f o r  BCMV. He in d i c a t e d  
C hat t h e  n a tu r e  a n d  s e v e r i t y  o f  symptoms v a ry  g r e a t l y ,  
d e p e n d in g  on c u l e i v a r ,  t im e  o f  i n f e c t i o n  and  
e n v iro n m e n ta l  c o n d i t i o n s .  F re n c h  be an  ( P h a se o lu s  
v u l g a r i s ) i s  th e  common n a t u r a l  h o s t .  S e n s i t i v e  
c u l e i v a r s  may show  a  r e d d i s h  ru g o s e  m o sa ic , r o l l i n g  o r  
c u r l i n g  (B os, 1 9 7 1 ) . A c c o rd in g  to  Bos (1971 ) BCMV 
p ro d u c e s  no o b v io u s  l o c a l  r e a c t i o n  in  Chenopodium 
q u ln o a  o r  C. a m a r a n t i c o l o r . w h i le  V ic la  f a b a  and  P lsum  
s a tiv u m  h av e  b e e n  r e p o r t e d  t o  b e  immune to  BCMV. 
C o n t r a d ic to r y  t o  Bos ( 1 9 7 1 ) ,  N oordam (1973 ) found  C. 
q u in o a  a h ig h ly  s u s c e p t i b l e  .'.o ca l l e s i o n  h o se  o f  BCMV. 
Such d i f f e r e n c e s  i n  o b s e r v a t io n  may b e  a t t r i b u t a b l e  to  
v a r i a b l e  r e a c t i o n s  o f  th e  BCMV s t r a i n s .  A cc o rd in g  to  
D r t jf h o u c  (1 9 7 6 ) , t h e r e  a r e  15 s t r a i n s  o f  BCMV.
The r e a c t i o n  o f  c e r t a i n  ? ,  v u l g a r i s  i n d i c a t o r  p l a n t ,  to  
th e  i s o l a t e d  v i r u s  from  g u a r ,  was n o t  s i m i l a r  to  th e  
l o c a l  s t r a i n  o f  BCMV [B. E d d in g to n , p e r s o n a l  
c o m m u n ic a tio n ), N o t ic e a b ly  P . v u l g a r i s  v a r .  S a n i la c  i s  
s u s c e p t i b l e  to  BCMV, p ro d u c in g  n e c r o t i c  l e s i o n s  o r  
n e c r o t i c  v e in s  and  c h l o r o s i s ,  and  P . v u l g a r i s  c v . P e ru  
0251 i s  h y p e r s e n s i t i v e  t o  BCMV above  266C. I n  t h i s  
s tu d y ,  S a n i la c  and  P e ru  025:. e x h i b i t e d  no symptoms a t  
e i t h e r  25 eC o r  30°C . C om paring  th e  v i r u s  t o  l o c a l  BCMV 
s t r a i n s  may b e  u s e f u l .  The a p p r o p r i a t e  c o m p a riso n  w i l l  
be t o  s t r a i n s  p r e v a l e n t  i n  t h e  a r e a  w here  th e  g u a r  s e e d  
was p r o d u c e d .
C om parisons o f  symptoms in d u c e d  by th e  g u a r  v i r u s  in  
th e  E a s te r n  T r a n s v a a l  w i th  C 'the r r e p o r t e d  v i r u s e s  w ere  
e s t a b l i s h e d .  Top n e c r o s i s  :.s a  v i r u s  d i s e a s e  o f  g u a r
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f i r s t  o b s e rv e d  by C h e s te r  i n  1 944 . The l e a f  symptoms 
a r e  y e l lo w in g ,  s t u n t i n g ,  o c c a s io n a l ly  v e i n - c l e a r i n g  o r  
a f a i n t  o a k - l e a f  p a t t e r n  a n d  s t i l l  m ore r a r e l y ,  a  l i g h t  
c h l o r o t i c  m o t t l i n g ,  S m a ll c h l o r o t i c  d e p r e s s io n s  on th e  
l e a f l e t s  becam e n e c r o t i c  a s  t h e  le a v e s  becam e o ld e r  
(C o o p e r, 1 9 4 9 ) . An u n i d e n t i f i e d  m o sa ic  v i r u s  o f  g u a r ,  
found  in  1973 in  M a rico p a  C o u n try  f i e l d  i n  A m erica  
e x h i b i t s  m o sa ic  m o t t l i n g  on le a v e s  p lu s  a  r e d u c t io n  in  
th e  s i z e  o f  le a v e s  a n d  g ro w th , a s  w e l l  a s  a lm o s t  t o t a l  
s u p p r e s s io n  o f  s e e d  p o d s ( S t r e e t s , 1 9 4 8 ) . T hese
symptoms w ere  s i m i l a r  i n  some r e s p e c t s ,  i . e .  r e d u c t io n  
i n  l e a f  s i z e  and  pods s u p p r e s s io n  to  th e  symptoms in  
t h i s  s tu d y ,  w h ich  in f e c t e d  g u a r  p l a n t s  e x h i b i t ,
"G uar sy m p to m less  v i r u s "  h a s  b e e n  so  named s in c e  
n a t u r a l l y  i n f e c t e d  and  in o c u la t e d  g u a r  p l a n t s  re m a in e d  
s y m p to m le s s . A c c o rd in g  to  H ansen  and  L esem ann (1978) 
t h i s  v i r u s  in d u c e d  r e d  l e s i o n s  on th e  in o c u la t e d  le a v e s  
o f  C. a m a r a n t i c o l o r . I n  t h i s  i n v e s t i g a t i o n  symptoms do 
n o t  d e v e lo p  on C. a m a r a n t ic o l o r  and th e  n a t u r a l l y  
i n f e c t e d  g u a r  e x h i b i t s  "G reen  s t e r i l e "  and  " L i t t l e  
l e a f "  sym ptom s. S in c e  th e  c a u s a l  a g e n t  was n o t  
r e - i s o l a t e d  from  th e  i n d i c a t o r  b e a n  p l a n t s ,  f u r t h e r  
t r a n s m is s io n  s t u d i e s  t o  o th e r  i n d i c a t o r  h o s t s  su c h  a s  
to m a to  and  o th e r  cow pea v a r i e t i e s  may p ro v e  u s e f u l .
A phid t r a n s m is s io n  p e rfo rm e d  u s in g  Mvzus p e r s i c a e  
( S u lz e r )  to  s e v e r a l  P .  v u l g a r i s  v a r i e t i e s  (T a b le  8) 
showed t h a t  th e  v i r u s  was t r a n s m i t t e d  n o n - p e r s i s t e n t l y . 
P , v u l g a r i s  v a r i e t i e s  ( F i g s . 3 4 -3 8 ) e x h ib i t e d
m a lfo rm a tio n  a n d  m o sa ic  symptoms f o l lo w in g  th e  
n o n - p e r s i s t e n t  a p h id  t r a n s m is s io n s ,  BCMV, a s  th e  g u a r  
v i r u s  i s  a l s o  t r a n s m i t t e d  n o n - p e r s i s t e n t l y  by  a p h id s  
( Z e t t l e r  and W ilk in s o n , 1 9 6 9 ) , No symptoms w ere
o b se rv e d  on h e a l th y  g u a r  p l a n t s  c h a l le n g e d  w i th  th e  
v i r u s ,  u s in g  a p h id  t r a n s m is s io n .  The m o sa ic  v i r u s
i s o l a t e d  from  th e  M a ric o p a  C o u n try  f i e l d s  i n  A m erica  i s
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a l s o  s u s p e c t e d  to  b e  t r a n s m i t t e d  by  th e  c o t to n  o r  m elon 
a p h id  (A ph is  g o s s v p i i ) w h ic h  i s  a l s o  a b l e  t o  t r a n s m i t  
be an  m o sa ic  v i r u s  ( S t r e e t s ,  I 9 4 S ) . No f u r t h e r  w ork on 
t h i s  v i r u s  h as b e e n  r e p o r t e d . S in c e  a p h id  t r a n s m is s io n  
s t u d i e s  w ere  • e r fo rm e d  u s in p  o n ly  Myzua p e r s i c a e , i t  
w ould  be  u s e f ' t o  c a t c h  a p h id s  i n  th e  g u a r  f i e l d s  and 
u s e  t h e s e  in  - r a t is t n is s io n  s t u d i e s .
From th e  s t u d i e s  so  f a r  i t  w ould  a p p e a r  t h a t  t h e  g u a r 
v i r u s  i s  n e i t h e r  m e c h a n ic a l ly  n o r  a p h id  t r a n s m i t t e d  to  
g u a r  b u t  i s  t r a n s m i t t e d  c h i e f l y  t o  c e r t a i n  
P h a s e o lu s  s p . v a r s . M onroe , Amanda, D ia c o l  c a l im a ,  Hep 
2 , Top c ro p ,  P r in c e ,  B o u n t i f u l ,  D ouble  w h i te  s e t t l e r ,  
C o n te n d e r ,  W in c e rg re e n , S e m in o le , G o lden  podded  w ax. 
L azy  h o u s e w ife , G enu ine  c o r n f i e l d ,  N a ta l  ro u n d  y e llo w  
s u g a r , B lue  p e t e r .  A bundance  and  G ly c in e  max (T a b le s  7 
and 8 ) .  S in c e  a p h id  t r a n s m is s io n  and m e c h a n ic a l 
t r a n s m is s io n  y i e ld e d  d i f f e r e n t  sym ptom s, a n d  s in c e  
i n f e c t e d  pods from  v a r . w in t e r g r e e n ,  when g e rm in a te d , 
gave  p l a n t s  w i th  l e a f  m a lf o rm a tio n  and  c h l o r o s i s  b u t  
n o t  r e d  v e in s ,  t h e r e  i s  a  p o s s i b i l i t y  o f  m ore th a n  one 
v i r u s  s t r a i n .  T r a n s m is s io n  s t u d i e s  from  in f e c t e d  g u a r 
t o  h e a l th y  g u a r  w ere  u n s u c c e s s f u l ,  b u t  p e rh a p s  symptoms 
o n ly  a p p e a r  l a t e r  on m a tu re  g u a r  p l a n t s  i n  t h e  f i e l d  
(1m h e ig h t )  and n o t  on s m a l l  g u a r  p l a n t s  grow n in  p o ts  
i n  g ro w th  c a b i n e t s .
B i o lo g ic a l  p r o p e r t i e s  o f  v i r u s  w ere  a l s o  u s e d  a s  a 
g u id e  i n  i d e n t i f i c a t i o n , E s t im a t io n  o f  th e rm a l 
i n a c t i v a t i o n  p o in t  ( T . I . P . ) ,  d i l u t i o n  end  p o in t  (D .E .P ) 
and lo n g e v i ty  i n  v l t r o  ( L .I .V )  w ere  made u s in g  
P h a se o lu s  v u l g a r i s  v a r .  Top c ro p ,  The T . I . P  was 
b e tw een  55 aC and  60 ’ C, th e  D .E .P  b e tw ee n  10*^ - 10"* 
and L .I .V  was two co th r e e  d a y s .
/
4 \
The r e s u l t s  f o r  th e  b i o l o g i c a l  p r o p e r t i e s  c o r r e s p o n d  to  
t h o s e  docum en ted  f o r  BCMV by  Bos (1 9 7 1 ) : The T . I . P ,  i s  
u s u a l l y  a b o u t 60°C b u t  c a n  v a r y  d e p en d in g  on v i r u s  
s o u r c e ,  s t r a i n  a n d  e n v iro n m e n ta l  c o n d i t i o n s , The 
D .E .P . i s  b e tw ee n  1 0 '^  a n d  1 0 '*  and s a p  r e t a i n s  
i n f e c t i v i t y  a t  room  te m p te r a tu r e  f o r  one t o  f o u r  d a y s .
S eed  t r a n s m is s io n  w as o n ly  a c h ie v e d  th ro u g h  m e c h a n ic a l  
i n o c u la t i - 'n  o f  P . v - l g a r i s  v a r ,  W in te r g r e e n  ( F ig .  3 9 ) .  
I t  m u st b a  p o in te d  o u t  t h a t  o n ly  a  p r o p o r t i o n  o f  s e e d s  
from  in f e c t e d  nods w ere  a b l e  t o  g e rm in a te .  The h e a v i ly  
i n f e c t e d  pods e x h i b i t s  50 p e r  c e n t  n e c r o t i c , w r in k ly  
s e e d s  ( F ig .  5 • , w h ic h  do n o t  g e rm in a te  and  may w e l l  
c a r r y  t h i  v i r u s . I n d i r e c t  ELISAS (T a b le s  11 a n d  12) 
a l s o  i n d . - 'a t e  a  p o s i t i v e  r e a c t i o n  o f  i n f e c t e d  g u a r  pods 
w i th  sev-_-.i! p o ty v i r u s  a n t i s e r a ,  na m ely  BCMV, BYMV, PVY 
and  SMV. I r  a p p e a r s ,  t h e r e f o r e ,  t h a t  a b o u t  50 p e r  c e n t  
o f  th e  iiuudi a r e  s t e r i l e  and  v i r u s - i n f e c t e d ,  a s  i s  th e  
c a s e  w it!; . '- n r  sym ptom lesB  v i r u s  (H ansen  a n d  L esem ann, 
1978) ,
L e a f  d ip ?  f-om  i n f e c t e d  .o a v e s  f a i l e d  t o  show  th e  
p r e s e n c e  : - -L ra l p a r t i c l i .  . p o s s ib l y  due to  low  v i r u s  
c o n c i'T .:ra : r  . P u i . i f i c a "  .a n  m e thods and  w i th  f r e s h
g u a r  r .u t t r  .1 r e  b o th  s i - r ^ e s s f u - .  U s in g  p u r i f i c a t i o n  
m e-hi .m 1 '.n.i - i e v e lo p e d  - y  J a f s r p o u r  e t  a l . (1979 ) and 
A lp e r  H t 1 44] r e s p e c t i v e l y ,  v i r u s  y i e l d s  o f  0 ,5mg
p e r  r-0c ; i v es  w are  o b t a in e d .
Thv a b s o r n t i c - ' -.p ec trum  o f  p u r i f i e d  v i r u s  ( F ig .  40) had  
a  r.axim um u -  260nm a n d  a  minimum a t  24 6nm. The 
A„'-:)tA2(>0 w j-  1 .2 5  and  th e  ia a x iA m in  w as 1 .1 1 .  
j r d in n  t.-  H o l l in g s  and  B r u i t  (1981 ) th e  u .v  
m rb a n c o  : ^ n ic t ra  o f  p o ty v i r t - s y s  a r e  t y p i c a l  o f  
n u - i e o p r n t e u v ; ,  w i th  a  maximum a t  260 t o  262nm and
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minimum a c  240 Co 246nm. The A260:A 280 r a t i o s  o f
1 .1 4 - 1 .2 5 ,  and  Amsx.-Amin ratios o f  1 .1 1 - 1 ,2 7  a re  
ty p ic a l ,  o f  n u c l e o p r o t e in s  c o n ta in i n g  f i v e  t o  s i x  p e r  
c e n t  n u c l e i c  a c i d .
The y i e l d  o f  v i r u s  was low  (0 .5m g p e r  lOOg o f  l e a v e s ) ,  
p r o b a b ly  b e c a u s e  o f  a g g r e g a t i o n  w i th  h o s t  p r o t e i n  and 
l a r g e  am ounts o f  p h e n o l ic  compounds] a n d  p o ly s a c c h a r id e s  
i n  m a tu re  g u a r  p l a n t s .  Boa (1971.) a l s o  r e p o r t e d  th e  
a e d im e n tin g  o f  BCMV in  a a s o c i a t i o n  w i th  c h l o r o p l a s t s . 
M ost r e p o r t s  f o r  p u r i f i c a t i o n  o f  p o ty v i r u s e s  i n d i c a t e  
t h a t  o n ly  s m a l l  am ount o f  v i r u s  c an  b e  o b ta in e d  and 
t h a t  m e thods f o r  p u r i f y i n g  one  v i r u s  c a n n o t b e  a p p l ie d  
t o  o th e r  members o f  t h e  same g r c . p .  The a d v a n ta g e  o f  
A lp e r  e t  a l . (1964 ) p u r i f i c a t i o n  ne dhod  3, com pared  Co 
J a f a r p o u r  a t  a l . (1979 ) p u r i f i c a t i o n  m e thod  1 , w as th e  
uae  o f  v e ry  s m a l l  am oun ts o f  le a v e s  ( 2 0 g ) .  I t  m ust be  
e m p h a s ise d  c h a t  p u r i f i e d  v i r u s  c o u ld  b e  a c h ie v e d  o n ly  
when u n f ro z e n  i n f e c t e d  le a v e s  from  th e  f i e l d  w ere  u se d . 
Many a t te m p ts  w h ic h  w ere  made to  p u r i f y  th e  v i r u s  from  
f ro z e n  le a v e s  o r  le a v e s  fro m  p l a n t s  from  in f e c t e d  s e e d s  
g ro w in g  in  g ro w th  c a b i n e t ,  w ere  u n s u c c e s s f u l .  P ro b a b ly  
t h e  g u a r  v i r u s  i s  u n s t a b l e  d u r in g  f r e e z in g  and  th e  
i n f e c t e d  s e e d s  w h ic h  g e rm in a te  may n o t  c o n ta in  th e
The p u r i f i c a t i o n  p r o c e d u re s  o f  J a f a r p o u r  e t  a l . (1979) 
and  A lp e r  e t  a l .  (1984) y i e ld e d  f le x u o u s  v i r u s  
p a r t i c l e s  o f  750nm le n g th  and  ISn'B w id th  ( F ig s .  41 and 
43) w h ic h  b e a r  c l o s e  r e se m b la n c e  eo members o f  th e  
p o ty v i r u s  g ro u p . The b e s c  p r e p a r a t i o n s  w ere  o b ta in e d  
by s t a i n i n g  w i th  tw o p e r  cen .; p h o s p h o tu n g s t ic  a c id  
r a t h e r  chan w i th  tw o p e r  c e n t  u r a n y l  a c e t a t e .
H anson and Lesem ann (1978 ) fo u n d  in  n e g a t i v e l y  s t a in e d  
c ru d e  sa p  fro m  i n f e c t e d  R u a r , e lo n g a te d  f le x u o u s
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p a r t i c l e s  w i th  a  le n g th  o f  761nm and  a  w id th  o f  12nm. 
P a r t i c l e  p r o p e r t i e s  o f  o th e r  g u a r  v i r u s e s  (C h a p te r  1 ,
1 .5 )  h a v e  n o t  a s  y e t  b e e n  r e p o r t e d .
U l t r a - t h i n  s e c t i o n s  from  i n f e c t e d  g u a r  le a v e s  and 
i n d i c a t o r  p l a n e s  Infected w ith  th e  v i r u s  d id  n o t  r e v e a l  
t h e  p r e s e n c e  o f  th e  v i r u s , n o r  i n c l u s i o n  b o d i e s , 
p o s s ib l y  due  to  low  v i r u s  c o n c e n t r a t i o n .  I n c lu s io n  
' 'o d i e s  may a c c u m u la te  a t  a  c e r t a i n  s t a g e  o f  v i r u s  
i n f e c t i o n  in  some c e l l s  o n ly ,  so  f u r t h e r  in v e s C ig s e io r t  
a t  th e  a p p r o p r i a t e  s t a g e  may y e t  r e v e a l  t h e s e  b o d i e s .
L ig h t  m ic r o s c o p ic  e x a m in a t io n  o f  i n c lu s io n  b o d ie s  was 
u n s u c c e s s f u l  and  f u r t h e r  w ork in  th e  a r e a  n e e d s  to  be 
d o n e . A c c o rd in g  to  H ansen  and  Lesem ann (1978) 
u l t r a - t h i n  s e c t i o n s  from  g u a r  i n f e c t e d  w i th  " g u a r  
sy m p to m le ss  v i r u s " ,  r e v e a l e d  in c l u s i o n  b o d ie s  
c o n ta in i n g  p in w h e e l and  s c r o l l  e le m e n ts .
The s e n s i t i v e  te c h n iq u e  o f  immune e l e c t r o n  m ic ro eo c p y  
a l s o  f a i l e d  to  d e t e c t  th e  v i r u s .  IBM, w i th  s e v e r a l  
v i r u s e s ,  f o r  exam p le  b e a n  y e llo w  m o sa ic  and  b e an  common 
m o sa ic  v i r u s e s , h a s  f a i l e d  to  im prove  d e t e c t i o n ,  
com pared  to  c o n v e n t io n a l  e l e c t r o n  m ic ro sc o p y  (M iln e , 
1980) . Bean y e l lo w  m o sa ic  and  bean  common m o sa ic  
v i r u s e s  a r e  m o r p h o lo g ic a l ly  and  b i o l o g i c a l l y  s i m i l a r  to  
v i r u s  p a r t i c l e s  i s o l a t e d  from  in f e c t e d  g u a r  in  t h i s
A c c o rd in g  to  Cohen e t  a l .  (1982 ) th e  e f f i c i e n c y  o f  
t r a p p i n g  o f  f o u r  v i r u s e s  t e s t e d  depended  m a rk e d ly  on 
th e  pH o f  th e  v i r u s  e x t r a c t .  They s u g g e s t  t h a t  f o r  
e a c h  v i r u s  a .id  h o s t  th e  e x t r a c t i o n  and  t e s t i n g  
p r o c e d u re s  h a v e  to  b e  w orked  o u t  s e p a r a t e l y .  A cc o rd in g  
to  M iln e  and L u is o n i  (1977) , many v a r i a b l e s  can  be
t e s t e d  i n  Vhe v a r io u s  m e thods d e s c r ib e d  (C h a p te r  2 , 
8 . 8 ) ,  in v o lv i n g  i n c u b a t i o n  t im e s  o f  t h e  se rum  o r  th e  
v i r u s ,  t h e i r  o p t im a l  c o n c e n t r a t i o n s ,  th e  te m p e r a tu re  o f  
i n c u b a t i o n  and  in f lu e n c e  o f  a g i t a t i o n .  I n  o u r  
i n v e s t i g a t i o n  I 'M  was p e rfo rm e d  o n ly  on s a m ;1» s  w here  
no  p o ty v i r u s  was o b s e rv e d  ( f r o z e n  m a t e r . a l ) . 7 he
p o ty v i r u s  w ere  fo u n d  o n ly  i n  e x t r a c t i o n  from  f r e s h  
f i e l d  m a t e r i a l  w i th  w h ic h  IEM c o u ld  h a v e  b e e n  
s u c c e s s f u l .  U n f o r tu n a te ly  f r e s h  le a v e s  w ere  n o t  
a v a i l a b l e  th r o u g h o u t  th e  y e a r .
S in c e  symptoms on  in d i c a t o r  p l a n t s ,  mode o f  
t r a n s m is s io n ,  b i o l o g i c a l  p r o p e r t i e s  and  p a r t i c l e  
m orpho logy  in d i c a t e d  t h a t  th e  g u a r  v i r u s  may b e lo n g  to  
th e  p o ty v i r u s  g ro u p , s e r o l o g i c a l  r e l a t i o n s h i p s  w ere  
s tu d i e d ,  u s in g  a n t i s e r a  fro m  v a r io u s  s o u r c e s .  
A c c o rd in g  to  B o i l i n g s  and  B ru n t ( 1 9 8 1 ) , a  v i r u s  i s  
c o n s id e r e d  to  be a d e f i n i t i v e  member o f  t h e  p o ty v i r u s  
g roup  i f  i t
(1 )  h a s  f i la m e n to u s  p a r t i c l e s  o f  c h a r a c t e r i s t i c  s i z e  
and  p r o p e r t i e s ;
(2 ) i s  t r a n s m i t t e d  n c n - p e r s l a t e n t l y  by a p h id s
(3 ) in d u c e s  th e  f o rm a t io n  o f  c h a r a c t e r i s t i c  
c y to p la s m ic  i n c l u s i o n s  ( " p i n w h e e l s " ) ;
(It) i s  c l e a r l y  s e r o l o g i c a l l y  d i s t i n g u i s h a b l e  fro m  
m o r p h o lo g ic a l ly  s i m i l a r  v i r u s e s .
S e r o lo g ic a l  r e l a t i o n s h i p  t o  o th e r  d e f i n i t i v e  
p o ty v i r u s e s  i s  n o t  a n  e s s e n t i a l  c r i t e r i o n  f o r  
m em bersh ip  o f  th e  g ro u p .
F ig u re  53 S e r o l o g i c a l  r e l a t i o n s h i p s  o f  some v i r u s e s  i n  th e  p o t a to  Y g ro u p  ( a d a p te d  from
E dw ardson , 1974)
be low  d i a g o n a l - r e l a t e d
above  d i a g o n a l - u n r e l a t e d
As in d i c a t e d  by  Van R e g e n m o rte l and  B u rc k a rd  (1 9 8 0 ) ,  
t h e  i n d i r e c t  ELISA p r o c e d u re  i s  b e t t e r  s u i t e d  f o r  
d i a g n o s t i c  w ork  b e c a u s e  o f  i t s  w id e  s p e c i f i c i t y .  The 
a n t i s e r a  w h ic h  w ere  a v a i l a b l e  by  d o n a t io n  i n  t h i s  
i n v e s t i g a t i o n  a r e  common v i r u s e s  o f  th e  p o ty v i r u s  
g ro u p , w h ich  i n f e c t  b e an  p l a n t s .  I n d i r e c t  ELISAS g av e  
s t r o n g ly  p o s i t i v e  a b s o rb a n c e  r e a d in g  f o r  i n f e c t e d  g u a r  
v a r i e t i e s  ZDPS, H SB -130, L ew is and  TX -79-2741  u s in g  
BCMV, BYMV, PVY a n d  SMV a n t i s e r a .  A c c o rd in g  to  F ig u re  
5 3 , t h e s e  v i r u s e s  a r e  s e r o l o g i c a l l y  r e l a t e d .  The 
r e s u l t s  w ere  p o s i t i v e ,  u s in g  c ru d e  e x t r a c t  (T a b le  11) 
o r  p u r i f i e d  v i r u s  p r e p a r a t i o n  from  le a v e s  and  pods 
(T a b le  1 2 ) .
The r a p i d  and  s im p le  p ro c e d u re  o f  PTA-ELISA w i th  th e  
a id  o f  u n f v a c t io n a t e d  a n t i s e r a  g av e  some p o s i t i v e  
r e a d in g s  w i th  BCMV a n d  BYMV, u s in g  c ru d e  e x t r a c t  from  
g u a r  v a r i e t i e s  ( T a b le  15) a s  w e l l  a s  p u r i f i e d  v i r u s  
(T a b le  1 6 ) .  I n f e c t e d  s a p  r e a c t e d  w i th  a n t i s e r a  t o  TRSV 
(T a b le  1 5 ) .  T h is  i s  a  n e p o v i ru s  and  th e  p o s s i b i l i t y  o f  
m ixed  i n f e c t i o n  s h o u ld  b e  i n v e s t i g a t e d .  A c c o rd in g  to  
Mowat and  Dawson (1987 ) th e  i n c u b a t i o n  reg im e  a d o p te d  
i s  a  com prom ise  b e tw e e n  th e  c o n v e n ie n c e  o f  p e rfo rm in g  
th e  t e s t  a s  a c o n tin u o u s  o p e r a t i o n  and  th e  n e e d  f o r  i t  
t o  b e  s e n s i t i v e  e n o u g h  to  d e t e c t  o r  i d e n t i f y  t h e  t e s t  
v i r u s e s .  Y e t ,  i n  t h i s  i n v e s t i g a t i o n  th e r e  was no 
d i f f e r e n c e  i n  r e s u l t s  b e tw ee n  i n d i r e c t  ELISA and  t h i s  
s h o r t e r  p r o c e d u re ,  th e  PTA-ELISA, w h ic h  w as m ore 
c o n v e n ie n t  and  r a p i d .
F ( a b E L I S A  g a v e  a l s o  p o s i t i v e  r e a d in g  f o r  i n f e c t e d  
g u a r  v a r ,  T X -79-2741  u s in g  BCMV and BYMV a n t i s e r a  
(T a b le  1 0 ) .
A c c o rd in g  to  Mowat a n d  Davison (1987) w hen v i r u s - f r e e  
e x t r a c t s  o f  l e a f  w ere  t e s t e d  by  PTA-ELISA and  P ( a b ' ) 2  
ELISA, u s in g  th e  sam e a n t i s e r a ,  s i m i l a r  a b so rb a n c e  
r e a d in g s  w ere  o b t a in e d  by  b o th  fo rm s o f  ELISA. A n t i ­
s e r a  w as n o t  a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t y  a n d  h e n ce  
d i r e c t  ELISA c o u ld  n o t  b e  done and o n ly  b ro a d  a n t ig e n i c  
s p e c i f i c i t y  c o u ld  b e  fo u n d  by  i n d i r e c t  ELISAS.
P r o t e in  A -A lk a l in e - p h o s p h a ta s e  was fo u n d  to  b e  s u p e r i o r  
to  G o at a n t i - r a b b i t  c o n ju g a t e .  The p o s i t i v e  r e a d in g s  
w ere  h ig h e r  w i th  P r o t e i n  A -A lk a l in e  p h o s p h a ta s e  u s in g  
th e  same a n t i s e r a  ( T a b le  1 4 ) .
T h e re  was no d i f f e r e n c e  i n  a b so rb a n c e  r e a d in g s  b e tw een  
v i r u s - c a r r y i n g  a p h id s  and  v i r u s - f r e e  a p h id s . G era  e t  
a l . (1978) d e t e c t e d  a  v i r a l  a n t ig e n  in  a p h id s  c a r r y i n g  
a  n o n - p e r s i s t e n t  v i r u s ,  e v en  on a  s in g l e  a p h id ,  w i th  
ELISA t e s t  and  Tatnada and  H a r r is o n  (1981 ) fo u n d  p o ta to
l e a f r o l l  v i r u s  in  M ysus p a r s i c a e . A c c o rd in g  t o  Tamada
and  H a r r is o n  ( 1 9 8 1 ) ,  th e  te m p e r a tu re  a f f e c t s  th e  
b e h a v io u r  o f  th e  v i r u s  and  may c a u s e  r a p i d  d e g ra d a t io n  
o f  p o t a to  l e a f r o l l  v i r u s  p a r t i c l e s  i n  t h e  g u t  a t  
25*C -30* r th a n  a t  I 5 eC._ S in c e  th e  a p h id s  i n  o u r  
i n v e s t i g a t i o n  w ere  n o t  k e p t  u n d e r  a  c o n s t a n t  c o n t r o l l e d  
te m p e r a tu r e , t h e  g u a r  v i r u s  c o u ld  h av e  be en  d e g ra d e d .
The s t r o n g  s e r o l o g i c a l  r e l a t i o n s h i p  o f  t h e  i s o l a t e d  
v i r u s  from  g u a r  to  t h e  f o l lo w in g  p o t y v i r u s e s : BCMV, 
BYMV, PVY and  SMV w as c o n f irm e d  w i th  im m unoblo11ing
( F i g , 4 7 ) ,  w h ere  s t r o n g  b in d in g  to o k  p l a c e  o f  BCMV
a n t i s e ru m  to  p o ly p e p t id e  b ands a p p e a r in g  a t  3 3 -3 4 ,0 0 0  
d a l t o n s , 3 6 -3 7 ,0 0 0  d a l to n s  and  an u p p e r  5 5 ,0 0 0  d a l to n  
m o le c u la r  w e ig h t .  S i m i l a r  b in d in g ,  b u t  n o t  a s  s t r o n g ,  
was o b s e rv e d  w i th  PVY ( F ig .  50) BYMV ( F ig .  51) a n d  SMV 




p r e s e n t  i n  i n f e c t e d  g u a r  le a v e s  ( F ig .  45) and  pods 
( F ig .  46 ) b u t  n o t  i n  h e a l th y  e x t r a c t s ,  w ere  o b s e rv e d . 
From th e  m o le c u la r  w e ig h ts  o f  BCMV p r o t e i n s  (3 4 -3 5 ,0 0 0  
and  3 6 -3 7 ,0 0 0  d a l t o n s ,  F i g .  49) and  BYMV (3 4 ,0 0 0  
d a l to n s ,  A lp e r  e t  a l . , 1 9 8 4 1 S t e in  e t  a l . ■ 1986) and 
SMV (3 0 ,7 0 0  and  2 9 ,2 4 4  d a l to n s ,  D ia co  e t  a l . , 1 9 8 6 ) , i t  
a p p e a rs  a s  i f  th e  c o a t  p r o t e i n  o f  th e  g u a r  v i r u s  may be 
th e  3 3 -3 4 ,0 0 0  d a l to n  band  w h ic h  i s  c o n s i s t e n t  w i th  th e s e  
p o ty v i r u s e s .  The 3 6 -3 7 ,0 0 0  d a l to n  p o ly p e p t id e  ban d  
a p p e a rs  i n  b o th  i n f e c t e d  g u a r  and BCMV ( F ig .  45 and 
4 9 ) .  The s lo w e r  m oving  ban d  (5 5 ,0 0 0  d a l to n s )  may 
p o s s ib l y  b e  i n c l u s i o n  body  p r o t e i n s ,  a s  i n  t h e  c a s e  o f  
BYMV, w here  two b a n d s  o f  5 0 -5 5 ,0 0 0  a n d  6 9 ,0 0 0  d a l to n s  
w ere  shown to  b e  c y to p la s m ic  c y l i n d r i c a l  i n c lu s io n  
p r o t e i n s  (A lp e r  e £  a l .  , 1 9 8 4 ) . H ow ever, f u r t h e r
e le c t r o n m ic r o s c o p ic a l  i n v e s t i g a t i o n s  a r e  n e c e s s a r y  to  
e s t a b l i s h  th e  p r e s e n c e  o f  i n c l u s i o n  b o d ie s  i n  i n f e c t e d
P ig e o n p e a  p l a n t s  w h ic h  w ere  grow n in  th e  e d g es  o f  g u a r  
f i e l d ,  show ing  sym ptom s o f  m o sa ic  and s t e r i l i t y  w ere  
s u s p e c t e d  to  b e  a s o u r c e  o f  i n f e c t i o n  in  g u a r .  
P u r i f i c a t i o n  p r o c e d u re  3 r e v e a le d  v i r u s - l i k e  p a r t i c l e s  
( F ig .  4 4 ) .  P u r i f i e d  p r e p a r a t i o n s  a s  w e l l  a s  c ru d e  
e x t r a c t  g av e  p o s i t i v e  r e a d in g s ,  u s in g  BCMV and  BYMV 
a n t i s e r a  (T a b le  13 a n d  T a b le  1 6 ) .  S t e r i l i t y  m o sa ic  o f  
p ig e o n p e a  h a s  b e e n  r e p o r t e d  i n  th e  I n d i a n  s u b c o n tin e n ­
t a l  (K am aiyan e t  . , 1981) a n d  f u r t h e r  i n v e s t i g a t i o n  
h a s  to  be done to  com pare  t h e  v i r u s  fro m  p ig e o n p e a  in  
S o u th  A f r ic a  to  th o s e  fo u n d  i n  I n d i a ,  and  to  e s t a b l i s h  
w h e th e r  p ig e o n p e a  a c t s  a s  a  p r im a ry  s o u r c e  f o r  g u a r  
i n f e c t i o n  u n d e r  S o u th  A r ic a n  f i e l d  c o n d i t i o n s .  The 
m anner i n  w h ic h  su c h  t r a n s m is s io n  t a k e s  p l a c e  n e ed s  
a l s o  be b e  e l u c i d a t e d .
/
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The m orp h o lo g y  o f  Che v i r u s - l i k e  p a r t i c l e s  o b se rv e d  in  
e x t r a c t s  o f  g u a r  w i th  " G re en  s t e r i l e "  and  " L i t t l e  l e a f "  
symptoms i s  s i m i l a r  i n  s t r u c t u r e  t o  th e  p o t y v i r u s , 
" g u a r  sym p tom less  v i r u s  (C SV )", i s o l a t e d  fro m  se e d s  
from  I n d i a , P a k i s t a n  and  th e  U .S .A . (H ansen  and 
L esem ann, 1 9 7 8 ) . H ow ever, r e d  l e s i o n s  d e v e lo p e d  on C. 
a m a r a n t ic o lo r  w i th  GSV a n d  n o t  w i th  t h e  "G reen  
s t e r i l e " ,  " L i t t l e  l e a f "  g u a r  v i r u s .  H o s t r a n g e  s tu d i e s  
w i th  P h a s e o lu s  v u l g a r i s  v a r i e t i e s  w ere  u n s u c c e s s f u l  
w i th  GSV, w h erea s  t h e  g u a r  v i r u s  i n  S o u th e rn  A f r ic a  was 
t r a n s m i s s i b l e  to  s e v e r a l  P_. v u l g a r i s  v a r i e t i e s .  
U n f o r tu n a te ly  r e s e a r c h e r s  w o rk in g  on GSV d id  n o t  c h eck  
f o r  symptoms in  g u a r  u n d e r  f i e l d  c o n d i t i o n s  (H ansen , 
p e r s .  com m .); so  a t  p r e s e n t  i t  i s  n o t  p o s s ib l e  to  
a s c e r t a i n  th e  r e l a t i o n s h i p  b e tw ee n  GSV and  th e  v i r u s  
i s o l a t e d  i n  t h i s  s tu d y .
The d i s e a s e  o f  g u a r  i n  S o u th e rn  A f r i c a  i s  a p p a r e n t ly  
a s s o c i a t e d  by a t r a n s m i s s i b l e  v i r u s  o f  th e  p o ty v i r u s  
g ro u p , s in c e  a n t i s e r a  to  s e v e r a l  v i r u s e s  o f  t h i s  g roup  
r e a c t  p o s i t i v e l y  w i th  c ru d e  e x t r a c t s  o f  d i s e a s e d  
p l a n t s .  I d e n t i f i c a t i o n  o f  th e  c a u s a l  a g e n t  r e q u i r e s  
f u l f i l l i n g  K o c h 's  p o s t u l a t e s ,  i . e .  t o  i s o l a t e  th e  
c a u s a l  a g e n t  and  t o  show  t h a t  when r e in t r o d u c e d  i n to  
g u a r  i t  c a u s e s  th e  same d i s e a s e .  S in c e  t r a n s m is s io n  in  
g ro w th  c a b in e t s  w ere  u n s u c c e s s f u l ,  f i e l d  t r i a l s  c o u ld  
b e  c a r r i e d  o u t .  U n t i l  su c h  t r a n s m is s io n  to  g u a r  i s  
a c h ie v e d ,  th e  d e f i n i t i v e  c a u s a l  a g e n t  o f  g u a r  " S t e r i l e "  
and  " L i t t l e  l e a f "  d i s e a s e  c a n n o t  b e  e s t a b l i s h e d .  The 
o n ly  c o n c lu s io n  i s  t h a t  t h i s  d i s e a s e  i s  a s s o c i a t e d  w i th  
a  BCMV-like p o ty v i r u s  w h ic h  was i s o l a t e d  fro m  g u a r  
p l a n t s  ( F ig .  4 1 ) .
S in c e  f o u r  a n t i s e r a  t o  v a r io u s  p o ty v i r u s e s  r e a c t e d  
p o s i t i v e l y  t o  e x t r a c t  o f  d i s e a s e d  p l a n t s  a s  m e n tio n e d
p r e v io u s ly ,  t h e  p o s s i b i l i t y  
BCMV and  a n o th e r  v i r u s  c a n n o t
E s t a b l i s h i n g  v i r u s  p u r i t y  ai 
c a r r i e d  o u t  i n  th e  f u t u r e .
a  m ix e d  i n f e c t i o n  by 
r u l e d  o u t .
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Medium 79 - f o r  R h lzob ium  cowpea E g ro u p  (Dr Beck -
5g M a n n ico l 
0 .2 5 g  K2HP06
O .lg  MgSO^-7H20
0 .0 5 g  N ac l
50ml y  -’8 t  e x t r a c t  (make up a s to c k  s o l u t i o n  lOg 
y e a s t  6 X tr a c e /1 2  d i s t i l l e d
500ml d i s t i l l e d  w a te r .
The above  w ere  m ixed  to g e th e r  a n d  a u to c la v e d .
T he R h lzob ium  c u l t u r e s  w ere  k e p t  on a g e n t l e  s h a k e r  in  
25°C and t a e u f e r r e d  to  a  f r e s h  medium e v e r y  th r e e
APPENDIX XI
IDENTIFICATION OF BACTERIA (Schflfld , 1980)
K in g 's  Medium B a g a r  (KB)




G ly c e r o l  
Gram s t a i n
A th i n l y  s p r e a d  b a c t e r i a l  f i lm  was d r i e d  i n  a i r  on a
c l e a r  s l i d e  and  th e n  f lam ed  to  f i x  th e  b a c t e r i a .  The
sm ear was f lo o d e d  w i th  c r y s t a l  v i o l e t  s o l u t i o n  f o r  I 
m in u te , w ashed  in  ta p  w a te r  an  d r i e d .  T hen f lo o d e d  
w i th  io d in e  s o lu t io n  f o r  1 m in u te  an  1 a g a in  w ashed  and 
d r i e d .  D e c o lo r i s a t l o n  was made w i th  e t h y l  a lc o h o l  f o r  
30 s e c o n d s , r i n s e d  i n  t a p  w a te r  and  c o u n te r s t a in e d  w i th  
s a f r a n i n  s o l u t i o n  f o r  10 s e c o n d s , th e n  w ashed  a g a in  and
M u c k e r 's  ammonium o x a la t e  c r y s t a l  v i o l e t
S o l u t io n  A . C r y s t a l  v i o l e t  (D i fc o )  2 .0 g
E th y l  a l c o h o l  (95  p e r  c e n t )  2 0 .0ml
S o l u t io n  B. Ammonium o x a la t e  ( F i s h e r )  0 . 8g
D i s t i l l e d  w a te r  80 .0m l





S o l u t io n s  A and  B w ere  m ixed  and  f i l t e r e d .
/
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C ra m 's  iB o d iflca C io n  o l  L u g o l 's  s o l u t i o n
P o ta s s iu m  io d in e  
D i s t i l l e d  w a te r
D e c o lo r iz e r
E th y l  a l c o h o l  95 p e r  c e n t  
C o u n t e r s ta in  
S to c k  s o lu t io n  
S a f r a n in
E th y l  a l c o h o l  95 p e r  c e n t  
W orking  s o l u t i o n
2 .5 g
1 00 .0m l
S to c k  s o lu t io n  
D i s t i l l e d  w a te r
N u t r i e n t  a g a r  (NA)
B e ef e x t r a c t  
P e p to n e  ( D ifc -^  ' 
G lu c o se
Y e a s t  e x tra c t -d e x tr o s e - C a C O ^ <YDC) 
Y e a s t e x t r a c t  




G ram 's  modification o f  L u g o l 'a  e o lu c io n
I o d in e  l .O g
P o ta s s iu m  io d in e  2 ,0 g
D i s t i l l e d  w a te r  300 .0m l
D e c o lo r iz e r
E th y l  a l c o h o l  95 p e r  c e n t
C o u n t e r s ta in
S to c k  s o lu t io n
S a f r a n in  2 .5 g
E th y l  a l c o h o l  95 p e r  c e n t  100 .0m l
W orking  s o l u t i o n
S to c k  s o l u t i o n  Ih .O m l
D i s t i l l e d  w a te r  90 .0 m l
N u t r i e n t  a g a r  (NA) g /2
B e ef e x t r a c t  3 ,0
P e p to n e  (D ifc o )  • 5 .0
G lu c o se  2 ,5
A gar 1 5 .0
Y e a s t  e x t r a r t - d e x t r uae-CaCOg (YDC)
ill
Y e a s t  e x t r a c t  10 .0
D e x t ro s e  2 0 .0
C a lc iu m  c a rb o n a tf r  2 0 .0
A gar 1 5 .0
/APPENDIX I I I  
B u f f e r s
1 . Q,O j M P o ta a s im n  P h o s p h a te  B u f f e r .  p H 7 .0
200ml g l a s s  d i s t i l l e d  w a te r  w as a d d ed  to  0 .3 5 g  t^HPO^
200ml g l a s s  d i s t i l l e d  w a te r  w as a dded  to  0 .2 7 2 g  KH^PO^
When d i s s o l v e d ,  th e  KHgPO^ s o l u t i o n  was a d d ed  to  th e  
KgHPO^ s o l u t i o n  t i l 1, a  pH o f  7 .0  was r e a c h e d .
2 . 0.5M P o ta s s iu m  P h o s p h a te  B u f f e r  pH 7 .2
500ml g l a s s  d i s t i l l e d  w a te r  w as a dded  to  4 3 . 75g KgHPO^
500m l g l a s s  d i s t i l l e d  w a te r  was a dded  to  3 4 ,OOg KH^PO^.
The two s o l u t i o n s  w ere  m ix e d , th e  vo lum e m e asu re d  and
0 .5H  u r e a  a dded  a s  w e l l  a s  1 p e r  c e u i  Na^SOgi 0.5 p e r  
c e n t  2 - m e r c a p to e th a n o l  and  0.05M  EDTA.
The pH was a d ju s t e d  to  7 .2 .
A p p ro x im a te ly  1 .2 m l o f  t h i s  b u f f e r  was a dded  to  Ig  o f  
f r e s h  p l a n t  t i s s u e .
3 .  0.025M  P o ta s s iu m  P h o s p h a te  B u f f e r  pH 7 .2
500m l g l a s s  d i s t i l l e d  w a te r  xvas a dded  to  1 .7 g  KH^PO^ 
500m l g l a s s  d i s t i l l e d  w a te r  was a dded  to  2 . 19g K^HPO^
The two s o l u t i o n s  w ere  m ix e d , th e  volum e m e asu re d  and 
1M u r e a :  0 .1  p e r  c e n t  m e rc a p to e th a n o l  a d d ed  and  th e  
f i n a l  s o l u t i o n  a d ju s t e d  to  pH 7 .2 .
/
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4 . 0.1M  B o ra te /K C l B u f f e r  pH 8 .0
500m l g l a s s  d i s t i l l e d  w a te r  was a dded  Co 3 .0 9 g  B o r ic
500ml g l a s s  d i s t i l l e d  w a te r  was a d d ed  to  1 9 .06g B orax  
(Na2B40 7 -10H20 ) .
The B orax  s o l u t i o n  was a d d ed  to  th e  B o r ic  a c i d  s o lu t io n  
t i l l  a  pH o f  8 .0  was r e a c h e d .  0.1M  KC1 was a l s o  a d d ed .
5 . 0.1M P h o s p h a te  b u f f e r  pH 8 .2
0.1M s o l u t i o n  o f  NaHgPO^'ZHgO ( 3 1 .2 g  in  1000ml ddHgO)
0.1M s o l u t i o n  o f  Na2HP04 (2 8 .3 9 g  in  1000ml ddHjO)
The two s o l u t i o n s  w ere  m ixed  and pH a d ju s t e d  t o  8 .2 .
APPENDIX IV
T r a n s m is s io n  E le c t r o n  M ic ro sco p y
1 . N e g a tiv e  s t a i n s
(a )  P h o s p h o tu n e a t ic  a c id  (PTA)
The s t a i n  was p r e p a re d  by  d i s s o l v in g  th e  s o l i d  
d o d e c a tu n g s to p h o s p h o r ic  a c id  i n  g l a s s  d i s t i l l e d  w a te r  
to  g iv e  2 p e r  c e n t  (M/V) s o l u t i o n .
The pH w as a d ju s t e d  to  6 ,8  w i th  IN NAOH, c e n t r i f u g e d  o r  
f i l t e r e d  t o  c l a r i f y  and  s t o r e d  in  th e  d a r k .
(b )  U ra n y l a c e C a te
The s t a i n  was p r e p a r e d  by  d i s s o l v i n g  th e  s o l i d  in  
d i s t i l l e d  w a te r  t o  g iv e  2 p e r  c e n t  (W/V) s o lu t io n  
w i th o u t  pH am endm ent. The s o l u t i o n  was k e p t  i n  a d a rk  
b o t t l e  and  r e f r i g e r a t e d .
2 . P r e p a r a t i o n  o f  t h i n  s e c t i o n s  f o r  TEM ( P r o w i d e n t i  
a n d  Cobb, 1975; V en a b le  a n d  C o g g le h a l l ,  1965)
M a te r ia l s
( a )  0.05M Sodium c a c o d y la te  b u f f e r  pH 7 .2  ( 1 . 07g/100m l
g la s s  d i s t i l l e d  w a t e r ) .
(b ) 25 p e r  c e n t  s to c k  g lu t e r a ld e h y d e  s o l u t i o n  d i l u t e d
to  2 .5  p e r  c e n t  w i th  sod ium  c a c o d y la te  b u f f e r .
(c )  4 p e r  c e n t  Osmium t e t r o x i d e  s to c k  s o l u t i o n  d i l u t e d
to  1 p e r  c e n t  w ith  sod ium  c a c o d y la te  b u f f e r .
/
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(d ) Epoxy r e s i n :
The f o l lo w in g  com ponen ts  w ere  m ixed  to g e th e r :
DMP 30 2 .5  p e r  c e n t  1 .8 7 g
3 . S t a in i n g  o f  t h i n  s e c t i o n s
( a )  M ethod
D rops o f  1 p e r  c e n t  u r a n y l  a c e t a t e  w ere  p la c e d  on 
d e n ta l  wax la y e d  on w e t f i l t e r  p a p e r  I n  a  p e t r i  
d i s h .  G r id s  w ere  in v e r t e d  o n to  th e  d ro p s  f o r  20 
m in u te s ,  th e n  r i n s e d  w i th  d i s t i l l e d  w a te r  and 
d r a in e d .  The g r id s  w ere  a l lo w e d  to  d ry  on f i l t e r  
p a p e r  f o r  1 h o u r  and th e n  t r a n s f e r r e d  o n to  d ro p s 
o f  le a d  c i t r a t e  f o r  15 m in u te s ,  r i n s e d  w i th  
d i s t i l l e d  w a te r  and  d r i e d .
(b )  M a te r ia l s
1 . 1 p e r  c e n t  U ra n y l a c e t a t e .
2 . L ead  c i t r a t e
Sodium  c i t r a t e  1 .7 6 g
L ead  n i t r a t e  1 .33g
T h ese  two com ponen ts  w ere  a d d ed  t o  20 to 30ml 
d i s t i l l e d  w a te r  and  sh a k ed  v ig o r o u s ly  f o r  1 h o u r ,  
f o l lo w e d  by  30 m in u te s  o c . a s i o n a l  s h a k in g .  L ead 
n i t r a t e  was c o n v e r te d  t o  a  m ilk y  s u s p e n s io n  o f  
l e a d  c i t r a t e ,  8m: o f  f r e s h  IN NAOH w ere  a dded  to  
t h e  m ilk y  s u s p e n s io n  w h ich  c h an g e d  to  a  c l e a r  o n e . 
D i s t i l l e d  w a te r  was a dded  up t o  50m l.







THE ELISA. TECHNIQUE ( V o l le r  a n d  B id w e ll ,  
and  C la r k ,  1982; Mowat and  D aw son, 1987)
( a )  M a te r ia l s
1 . C o a tin g  b u f f e r  (0.05M  sod ium  c a rb o m
Na2C03 1 .5 9 g
NaHC03 2 .9 3 g
NaN3 0 .2 0 g
Make up to  1 l i t r e  and  a d j u s t  th e  p
1. PBS (p h o sp h a te  b u f f e r e d  s a l i n e )
N ac l 8 .0 g
KH2P04 0 .2 g
Ka2HP04-12H 20 2 .9 g
NaN3 O.Zg
Make up to  1 l i t r e  and  a d j u s t  th e  pH
3 . PBS-Tween W ashing  s o lu t io n
PBS, pH 7 .4  w i th  0 .0 5  p e r  c e n t  Tween
k. V iru s  b u f f e r  ( a l s o  u s e d  a s  c o n ju g a te  
(PBS-TPO)
PBS-Tween
P o l y v in y lp y r r o l id o n e  (raw 10 ,0 0 0 ) 
O valbum in
1977 i B a rb a ra  
i t e  a t  pH 9 .6 )
H to  9 .6  w i th




5 . S u b s t r a t e  b u f f e r
10 p a r  c e n t  d ie th a n o la m in e  a d ju s t e d  t o  pH 9 .8  w ith
d 1e th a n o la m in e  97ml
gd K^O SQOml
NaKj 0 , 2g
Make up  to  1 l i t r e  w i th  ti^O. A d ju s t  t o  pH 9 .8  
w i th  HG1.
6 . 3M NaOH
120g NaOH/1 l i t r e  gd H2O
7. 1 p e r  c e n t  BSA: (B o v in e  serum  alb u m in )
I I .  P l y s ty r e n e  m i c r o t i t r e  p l a t e s .
I I I .  T e s t  s a m p le s : p u r i f i e d  v i r u s ,  s a p  e x t r a c t s .
IV . Enzym e: A lk a l in e  - p h o s p h a ta s e .
V. S u b s t r a t e : 2 - n i t r o p h e n y l  p h o s p h a te  i n  s u b s t r a t e  
b u f f e r  ( Im g /m l) ,
X m a u n o e le ce ro b lo t ( H ib i  and  S a l t o ,  1985)
Ab b u f f e r
PBS-Tween
0 ,2  p e r  c e n t  BSA
2 p e r  c e n t  P o l y v in y lp y r r o l id o n e
AP b u f f e r  pH 9 .5
0.1M  T r is  
O.IM H a d  
5mM MgClg
S u b s t r a t e
Img n i t r e  b lu e  te t r o s o l iu m  (NBT) was d i s s o l v e d  in  3ml 
AP b u f f e r  by m ix in g  v ig o r o u s ly  f o r  1 to  2 m in u te s ,  th e n  
c e n t r i f u g e d  f o r  5 m in u te s  a t  1 0 ,0 0 0  rpm . O.Smg 
5-b rom o-4  c h lo r o -  3 i n d o ly lp h o s p h a te  (BCIP) was 
d i s s o l v e d  i n  lO p l N ,N -d im e th y lfo rm a m id e  by m ix in g  w ith  
a v o r t e x  m ix e r  f o r  1 m in u te  and  a dded  d ro p w ise  w i th  
g e n t l e  m ix in g  i n t o  th e  NBT s o l u t i o n .
P r o t e in  A -S e p h a ro se  a f f i n i t y  c h ro m a to g ra p h y  ( M i l l e r  and 
S to n e , 1978)
B u f f e r  A pH 8 .0
0.016M b o r i c  a c id  
0.012M NaCl 
0.025M NaOH
O.ltnM PMSF ( -  P h e n y lm e th y ls u l f o n y l - f lu o r id )
0 .0 2  p e r  c e n t  RaNj
B u f f e r  B pH 3 .0
O.IM g iy c in e - H c l
0 .0 2  p e r  c e n t  NaN3
P r o te in  A column
10m2 s l u r r y  o f  p r o t e i n  A -S ep h a ro se  CL-4B p a c k e d  in  K 




SDS-PAGE (S h a p ir o  e £  a l . , 1967 s W eber e_C a l . , 1972)
I . P r e p a r a t io n  o f  g e l t , :
R e ag e n ts
( a )  A crv la m ld e  s to c k  s o lu t io n
2 2 .2g a c r y la m id e  ) d i s s o l v e d  in  d i s t i l l e d
0 ,6 g  b is - a c r y la m id e  ) w a te r  t o  100m l.
May be f i l t e r e d  i f  c lo u d y .
(b ) 10 p e r  c e n t  SDS made up i n  lOOmls g l a s s  d i s t i l l e d
(c )  Tetned (N,N,N^N* -  te t r a m e th y le th y le n e  d ia m in e )
(d ) 10 p e r  c e n t  Ammonium P e r s u l p h a t e , f r e s h l y  m ade .
(e )  Lower g e l  b u f f e r i  1.5M T r is -K C l b u f f e r .
(1 8 .1 5 g  T r i s  b a s e  a d ju s t e d  to  
pH 8 .8  w i th  6N HC1 , f i n a l  
vo lum e 1 0 0 m l) .
( f )  U pper g e l  b u f f e r : 0.5M T r is -H C l b u f f e r .
(6g  T r i s  b a s e  a d ju s t e d  to  pH 
6 ,8  w i th  6N HC1, f i n a l  volum e 
100ml)
w10 p e r  c e n t  lo w e r  e e l
A cry la m id e  s to c k  s o lu t io n
Lower g e l  b u f f e r  
10 p e r  c e n t  SDS
D egas f o r  5 t o  10 m in u t e s , th e n  r a p i d l y  a d d i -
Temed 0 .03m l
Ammonium p e r s u l p h a t e  0 .3m l
The above  com ponen ts  w ere  m ixed  w e l l ,  p o u re d  i n t o  g e l  
h o ld e r s  and l e f t  f o r  1 h o u r  to  p o ly m e r is e .
U pper e e l  ( s t a c k in g  e e l )
A cry la m id e  s to c k  s o l u t i o n  1 .35m l
gd HgO 6 .0m l
U pper g e l  b u f f e r  2 .5m l
10 p e r  c e n t  SDS 0 , 1ml
Mix and  a d d i -
Temed 0.01m l
Ammonium p e r s u l p h a t e  0 . 1ml
S ta c k in g  g e l  was l a y e r e d  on to p  o f  th e  10 p e r  c e n t  
lo w e r  g e l  (+  2cm) a n d  l e f t  t o  p o ly m e r is e . Once s e t ,  
t h e  g e l  c a s s e t t e s  w ere  rem oved  and  p la c e d  in  an 
e l e c t r o p h o r e s i s  v e s s e l  c o n ta in i n g  b a th  b u f f e r  ( 2 8 ,8g  
g ly c in e ,  6 .0 g  t r i s , 2g SDS, w a te r  t o  2 0 0 0 m l) .
I
rg e lg e l  15 p e rG ra d ie n t  g e l
A cry la m id e
1.5M T r i s  b u f f e r  pH 8. 
+ 0 .4  p e r  c e n t  SDS
Ammonium p e r s u l p h a te
Sam ple p r e p a r a t i o n
G ly c e r o l  
M e rc a p to e th a n o l 
10 p e r  c e n t  SDS 
0.5M T r i s  b u f f e r  pH 6
Volume b ro u g h t  t o  100ml w i th  gd R-.0 and a  p in c h  o f  
b rom opheno l b lu e  a d d ed  u n t i l  c o lo u r  i s  d a rk  b lu e .
p u r i f i e d  v i r u s  sa m p le  was u s e d . A l l  sa m p le s  we 
h e a te d  i n  a  b o i l i n g  w a te r  b a th  f o r  5 m in u te s  p r i ' 
to  la y e r in g  on to  th e  g e l .
s ig h t  m a rk e rs
s ig h t  (D a lto n s )Com ponent
P h o s p h o ra la s e  b
3 0 . 'C a rb o n ic  a n h y d ra se  






I I I .  S ta in in s  o: i>el3
( a )  C oom assie  B r l l l l a n c  b lu e  2g
M e th an o l 500ml
A c e tic  a c id  100ml
gd w a te r  400ml
G els  w ere  p la c e d  in  th e  s t a i n  and  l e f t  o v e rn ig h t  
on a s h a k e r .
(b )  S i l v e r  s t a i n i n g  (Wray e t  a l . , 1981)
so a k ed  i n  50 p e r  c e n t  m u th a n o l
o v e r n ig h t .
S o l u t io n  A: 
S o l u t io n  Bi
0 . 8g S i l v e r  n i t r a t e  was d is s o l v e d  
in  4ml d HgO.
21ml o f  0 ,3 6  p e r  c e n t  Sodium 
h y d ro x id e  w ere  m ixed  w i th  1 .4m l o f  
1 4 .8M ammonium h y d r o x id e .
S o l u t io n  A was added  d ro p w ise  i n to  
s o l u t i o n  B w i th  c o n s ta n t  s t i r r i n g  
and  in c r e a s e d  to  100ml w i th  HgO,
The g e l s  w ere  s t a i n e d  i n  s o l u t i o n  C f o r  15 m in u te s  
w i th  g e n t l e  a g i t a t i o n .
G e ls  w ere  w ashed  in  d e io n iz e d  w a te r  f o r  5 m in u te s  
w i th  g e n t l e  a g i t a t i o n .
5 . D e v e lo p e r  was p r e p a re d -  2 .5 m l o f  1 p e r  c e n t  c i t r i c  
a c id  w ere  m ixed  w i th  0 .2 5 m l o f  38 p e r  c e n t  
fo rm ald e h y d e  and  in c r e a s e d  to  500ml w i th  w a te r .
/
■i
G els w ere  so a k ed  i n  t h e  d e v e lo p e r  u n c t l  b ands 
a p p e a r  ( l e s s  chan  20 m in u C e s ) .
w ere  w ashed  w ich  HjO and  p la c e d  I n  50 p e r
M e th an o l 500ml
A c e t ic  a c id  100ml
dH ,0 400ml
G els  w ere  d e s t a i n e d  f o r  2 h o u r s  a t  3 7 ’ C.
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